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ANNOTATION 


T h e  toxicology of t h e  products of v i t a l  a c t i v i t y  and t h e i r  s i g n i f i c a n c e  
i n  t h e  gene ra t ion  of he rme t i ca l ly  sea l ed  l i v i n g  a r eas .  

I n  t h i s  book we examine t h e  h i s t o r y  o f  t h e  development o f  s tudy  concern
i n g  substances t o x i c  t o  human beings and d i scuss  ques t ions  r e l a t i n g  t o  t h e  
formation of by-products of t h e  v i t a l  a c t i v i t y  o f  man i n  t h e  course o f  normal 
matter exchange. C h a r a c t e r i s t i c s  a r e  given f o r  t h e  v i t a l  a c t i v i t y  products 
which are r e l e a s e d ' i n t o  t h e  environment with exhaled a i r ,  w i th  u r i n e ,  excre
ment and those  which are r e l e a s e d  by t h e  sweat and o i l  glands o f  t h e  s k i n .  
Study m a t e r i a l s  are explained r e l a t i n g  t o  t h e  t o x i c  e f f e c t s  of b a s i c  meta
b o l i c  discharges on animals and man. P r i n c i p l e s  are d i scussed  f o r  t h e  hy
g i e n i c  s t a n d a r d i z a t i o n  o f  t h e  con ten t  of t h e  products  o f  v i t a l  a c t i v i t y  i n  t h e  
atmosphere o f  h e r m e t i c a l l y  s e a l e d  a r e a s .  

This p u b l i c a t i o n  i s  intended f o r  a broad spectrum of phys i c i ans  and 
b i o l o g i s t s  ( p h y s i o l o g i s t s ,  e t c . )  . 
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THE TOXICOLOGY OF PRODUCTS OF VITAL ACTIVITY AND THEIR 
IMPORTANCE I N  THE FORMATION OF ARTIFICIAL ATMOSPHERES 

OF HERMETICALLY SEALED CHAMBERS 

V.  V .  Kustov  and L. A. T i u n o v  

ABSTRACT: The f o r m a t i o n  o f  t h e  gaseous p r o d u c t s  o f  v i t a l  
a c t i v i t y  i s  s t u d i e d  w i t h  an eye toward  p r a c t i c a l  a p p l i c a 
t i o n s  i n  t h e  h e r m e t i c a l l y  s e a l e d  env i ronments  o f  space
c r a f t  on p r o l o n g e d  j o u r n e y s ,  submarines, and t h e  l i k e .  
Data a r e  drawn from a b r o a d  spect rum o f  l i t e r a t u r e  r e f e r 
ences, d e s c r i b i n g  a n a l y s e s  o f  f e c e s ,  u r i n e ,  sweat ,  e x p i r e d  
a i r  and i n t e s t i n a l  gases, t h e  f o r m a t i o n  o f  h a r m f u l  subs tan
ces by  t h e  processes  o f  d e c o m p o s i t i o n  o f  t h e s e  p r o d u c t s  o f  
an ima l  and human v i t a l  a c t i v i t y ,  and t h e  e f f e c t s  o f  such 
p r o d u c t s  on e x p e r i m e n t a l  a n i m a l s  and humans. F o r m a t i o n  of  
gaseous p r o d u c t s  o f  v i t a l  a c t i v i t y  d u r i n g  normal metabo l ism 
i s  o u t l i n e d  i n  d e t a i l ,  as i s  t h e  e f f e c t  o f  c e r t a i n  e n v i r o n 
menta l  f a c t o r s  on t h e  f o r m a t i o n  o f  gaseous m e t a b o l i c  p r o d u c t s  
i n  t h e  o r g a n i s m  (such as ace tone,  ammonia, and carbon mon
o x i d e ) .  The s p e c i f i c  p r o b l e m  o f  c o m p o s i t i o n  and h y d i e n i c  
s i g n i f i c a n c e  o f  t h e  gaseous substances accumulated beneath t 
t h e  c l o t h i n g  ( o r  i n  a space s u i t )  i s  d i s c u s s e d  i n  d e t a i l .  
Chemicals and o t h e r  means o f  t r e a t i n g  u r i n e ,  f e c e s ,  e t c . ,  
t o  r e t a r d  f o r m a t i o n  o f  h a r m f u l  o r  n a u s e a t i n g  gaseous p r o d u c t s  
a r e  d i s c u s s e d  and t h e i r  r e l a t i v e  m e r i t s  compared. P r i n c i p l e s  
o f  e s t a b l i s h i n g  t h e  p e r m i s s i b l e  l i m i t s  o f  c o n c e n t r a t i o n  (PLC) 
o f  such p r o d u c t s  o f  v i t a l  a c t i v i t y  as carbon d i o x i d e ,  carbon 
monoxide, hydrogen s u l f i d e  and t h e  l i k e  i n  t h e  atmospheres 
o f  h e r m e t i c a l l y  s e a l e d  chambers a r e  c o n t r a s t e d  w i t h  methods 
o f  e s t a b l i s h i n g  t h e  PLC f o r  i n d u s t r i a l  w o r k i n g  e n v i r o n m e n t s ,  
and t h e  i n a p p l i c a b i l i t y  o f  t h e  l a t t e r  i n  t h e  f o r m e r  s i t u a t i o n  
i s  s t r e s s e d .  T h r e s h o l d s  a r e  g i v e n  f o r  t h e  t o x i c  e f f e c t s  o f  
such p r o d u c t s  on t h e  o r g a n  ism. 

INTRODUCTION 

The s c i e n t i f i c  and t e c h n i c a l  p r o g r e s s  t h a t  h a s  been made, t o g e t h e r  w i t h  /5* 

r a p i d  development  o f  t e c h n i q u e s  o f  r o c k e t  c o n s t r u c t i o n  and e x t e n s i v e  d e v e l o p 

ment of s t u d i e s  o f  o u t e r  space, a r e  mak ing  l o n g - t e r m  manned space f l i g h t s  a 

r e a l i t y .  One o f  t h e  p r o b l e m s  t h a t  a r i s e s  i n  t h e  p r a c t i c a l  achievement  o f  t h e s e  

s p l e n d i d  programs,  w h i c h  seemed f a n t a s t i c  j u s t  a s h o r t  w h i l e  ago, i s  t h e  t a s k  
= .._ .  . . .  

~ 

*Numbers i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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o f  c r e a t i n g  c losed  e c o l o g i c a l  systems. Forsaking t h e  Earth f o r  months and 

even yea r s ,  a man i n  t h e  he rme t i ca l ly  sea l ed  system o f  a s p a c e c r a f t  must c r e a t e  

f o r  himself  an a r t i f i c i a l  atmosphere s u i t a b l e  f o r  h a b i t a t i o n  under t h e  d i f f i 

c u l t  cond i t ions  o f  space f l i g h t .  A t  t h e  p r e s e n t  t i m e ,  maintenance o f  oxygen 

a t  t h e  r e q u i r e d  l e v e l  and removal of excess carbon d iox ide  and moisture  

from t h e  atmosnhere of h e r m e t i c a l l y  s e a l e d  spacecraft intended f o r  r e l a t i v e l y  

s h o r t  f l i g h t s  are accomplished f a u l t l e s s l y .  Prolonged s t a y s  o f  human beings 

i n  he rme t i ca l ly  s e a l e d  systems r a i s e  t h e  problem of t h e  removal o f  numerous 

chemical substances t h a t  contaminate such systems. In o r d e r  t o  e l i m i n a t e  

t h e s e  substances,  it i s  necessary t o  know t h e i r  sou rces ,  t h e  manner i n  which 

they are given o f f ,  t h e  d e t a i l s  o f  t h e i r  effect  on t h e  organism, t h e i r  s a f e  

concen t r a t ion  l e v e l s  i n  t h e  a i r  and t h e  e f f e c t  of s p a c e - f l i g h t  f a c t o r s  on t h e  

i n t e n s i t y  of t h e i r  product ion.  The purpose of t h i s  book i s  t o  examine t h a t  

p a r t  of t h e  problem d e a l i n g  with human v i t a l  a c t i v i t y .  What t o x i c  substances 

accumulate i n  a h e r m e t i c a l l y  s e a l e d  system? What are t h e  t o x i c o l o g i c a l  char

ac te r i s t ics  of t h e s e  substances? How can t h e i r  product ion be l imi t ed?  What 

a r e  t h e  p r i n c i p l e s  of t h e i r  formation? The au tho r s  have attempted t o  answer 

t h e s e  ques t ions ,  which c o n s t i t u t e  one branch of t h e  toxicology of e c o l o g i c a l l y  

c losed systems, i n  o r d e r  t h a t  t h e i r  s o l u t i o n  might a i d  i n  t h e  achievement o f  

r e l i a b l e  condi t ions o'f h a b i t a b i l i t y  i n  modern Spacec ra f t  intended f o r  'long-term 

f l i g h t s .  

2 
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CHAPTER I 


HISTORY OF THE PROBLEM 

The beginning of  i n v e s t i g a t i o n s  o f  t h e  gaseous products  of human v i t a l  /7 
a c t i v i t y  can be  t r a c e d  t o  t h e  18th  cen tu ry ,  when oxygen and carbon d iox ide  

were discovered and t h e  nega t ive  e f f e c t  on t h e  organism produced by t h e  

carbon d ioxide  contained i n  expi red  a i r  was observed ( P r i e s t l e y ,  1772; 

Lavois ie r ,  1789, 1775; Schee le ,  1777).  Nearly a hundred years  l a t e r ,  

Pe t tenkofer  (1862) suggested t h a t  expi red  a i r  might con ta in  organic  compounds 

o t h e r  t han  oxygen and carbon d iox ide  which would harm t h e  a i r  i n  poor ly  ven

t i l a t e d  chambers. He proposed t h a t  carbon d iox ide  should be  viewed a s  an 

i n t e g r a l  (but no t  t h e  s o l e )  index c h a r a c t e r i z i n g  t h e  degree o f  p o l l u t i o n  o f  

t h e  a i r  i n  a chamber by t h e  products  of  human v i t a l  a c t  v i t y .  An ex tens ive  

body of  l i t e r a t u r e  has  been devoted t o  ar. i n v e s t i g a t i o n  of  t h e s e  u n i d e n t i f i e d  

components of expi red  a i r .  P a r t i c u l a r  s t r e s s  should be  placed on t h e  se r ies  

of a r t i c l e s  by Brown-Sequard and dfL4rsonval(1187, 1888 1888a).  These 

au tho r s ,  who es t imated  t h e  conten t  of expi red  a i r  from t h e  degree  of  i t s  

b i o l o g i c a l  e f f e c t ,  found t h a t  it contained h igh ly  t o x i c  compounds. When a 

condensate of  t h e  expi red  a i r  from dogs was i n j e c t e d  subcutaneously i n t o  

r a b b i t s ,  i t  prodliced symptoms of i n t o x i c a t i o n  and caused t h e  dea th  o f  some 

animals .  The t o x i c  e f fec t  of t h i s  condensate was a l s o  observed i n  experiments 

with guinea p igs  and pigeons;  i t  was adminis te red  in t ravenous ly ,  subcutaneous

l y ,  i n t r a p e r i t o n e a l l y ,  o r a l l y  and r e c t a l l y .  The au thors  suggested t h a t  t h i s  

e f fec t  was produced by t h e  presence of  some unknown type  of a l k a l o i d  i n  t h e  

expi red  a i r .  A t  t h a t  t i m e ,  i t  was known t h a t  expi red  a i r  conta ins  (bes ides  

carbon d iox ide  and oxygen) water  vapor ,  methane (Tacke, 1884; Regnul t ,  

Re i se t ,  1849) and ammonia (Richardson, 1858).  The t o x i c  e f f e c t s  observed by 

Brown-Sequard and d'Arsonval could no t  be  explained by t h e  a c t i o n  o f  t h e s e  

known components of  expi red  a i r .  Therefore ,  t h e s e  s t u d i e s  gave r i s e  t o  a 

g r e a t  many o t h e r  i n v e s t i g a t i o n s  of  t h e  b i o l o g i c a l  e f fec ts  of  t h e  components /8 
of expi red  a i r  and s t imu la t ed  a long d i s c u s s i o n  o f  an thropotoxins ,  kenotoxins  

and zootoxins  (Zhandr, 1897; Wurtz, 1888; Merkel, 1892; Lehman, J e s s e n ,  1890; 
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Formanek, 1900; Wolpert, 1905; Weichard, 1908, 1911; Inaba, 1911; Konrich, 

1914; Korff-Petersen,  1914; Lehman, 1919). The disagreement among t h e  

au tho r s  was concerned mainly,with t h e  hyg ien ic  s i g n i f i c a n c e  of t h e  problem. 

The very f a c t  of t h e  presence i n  expired a i r  of  chemical substances bes ides  

n i t r o g e n ,  oxygen and carbon d iox ide  d i d  no t  a rouse  s e r i o u s  d i s p u t e .  The l i s t  

of such substances,  b e s i d e s  t h e  methane and ammonia mentioned above, was 

soon supplemented by carbon monoxide (Micloux, 1898; Rathery e t  a l . ,  1932), 

acetone ( c f .  Widmark, 1920; Hubbard, 1920) and a number o f  o the r  organic  

substances oxidized '  by permanganate (Ransome, 1870).  The g r e a t e s t  d i f f i c u l t y  

was encountered i n  s e p a r a t i n g  t h e  combination of t h e s e  organic  comFounds 

i n  expired a i r .  Due t o  t h e  i n s u f f i c i e n t  p r e c i s i o n  of e x i s t i n g  methods of 

chemical a n a l y s i s ,  t h e s e  compounds were s t u d i e d  by u s i n g  b i o l o g i c a l  tes ts .  

A g r e a t  many s t u d i e s  were devoted t o  exp la in ing  t h e  n a t u r e  of t h e  t o x i c  

a c t i o n  of expired a i r  on t h e  i s o l a t e d  f r o g  h e a r t .  P e t e r s  (1906) showed t h a t  

a condensate of expired a i r  i n h i b i t s  t h e  a c t i v i t y  of t h e  i s o l a t e d  f r o g  h e a r t .  

Subsequently,  Lang (1914) was unable t o  s u b s t a n t i a t e  t h e s e  d a t a .  On t h e  

o t h e r  hand, M .  I .  Gramenitskiy and I .  I .  S i v e r t s o v  (1935) and l a t e r  Ye, N .  

Pavlovskiy (1937) again found t h a t  a condensate of expired a i r  r e t a r d e d  t h e  

a c t i v i t y  of t h e  i s o l a t e d  f r o g  h e a r t .  This r e s e a r c h  i s  of tremendous s i g n i f i 

cance s i n c e  it demonstrated t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  

t o x i c i t y  of expired a i r  i n  i n d i v i d u a l s  depending on t h e i r  age and h e a l t h .  

These d a t a  d i d  no t  f i n d  a p p l i c a t i o n s  i n  hyg ien ic  p r a c t i c e ,  however, because 

t h e  e f f e c t i v e n e s s  o f  t h e  means of v e n t i l a t i o n  of r e s i d e n t i a l  and work areas 

was considered t o  be completely s a t i s f a c t o r y  as far as t h e  carbon d iox ide  

content  was concerned. The accumulation of carbon d iox ide  and decrease of 

oxygen i n  t h e  a i r  was used t o  exp la in  t h e  dea th  of persons i n  c losed ,  unven

t i l a t e d  rooms, This  was t h e  reason given,  f o r  example, t o  exp la in  t h e  death 

of 72 passengers aboard t h e  steamer "Londonderry," who per ished i n  t h e i r  

cabins  when t h e  l a t t e r  were t i g h t l y  ba t t ened  down during a long storm 

(Morkotun, 1907). 

The l i t e r a t u r e  on t h e  chemical composition of  expired a i r  p l a c e s  most 

emphasis on carbon d iox ide  and oxygen ( L i l j e s t r a n d ,  1925). The i n i t i a l  exper

iments involving t h e  hermetic  s e a l i n g  of i n d i v i d u a l s  i n  small-volume systems 
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f o r  un in t e r rup ted  pe r iods  o f  6-8 hours  showed t h a t  t h e  du ra t ion  o f  a harmless 

s t a y  i n  a s e a l e d  chamber wi th  no means of  v e n t i l a t i o n  o r  r egene ra t ion  of  t h e  

a i r  i s  determined by t h e  concen t r a t ion  o f  C 0 2  which does n o t  affect working 

capac i ty .  I n  t h i s  regard ,  t h e  oppress ive  e f fec t  o f  t h e  foul -smel l ing  sub

s t a n c e s  excre ted  by human be ings  was recognized (Erisman, 1887; Aver'yanov, 

Vladimirov, Gr igor 'yev ,  Kravchinskiy,  Rylova and Smukhin, 1935).  But i t  was 

C02, as t h e  i n d i r e c t  index  o f  t h e  q u a l i t y  of t h e  atmosphere, t h a t  se rved  as 

t h e  c r i t e r i o n  f o r  eva lua t ing  t h e  v e n t i l a t i o n  i n  a i r c ra f t  cabins  (Spasskiy,  

1940) and t h e  r egene ra t ion  o f  t h e  a i r  aboard submarines (German, 1943).  

The design and c o n s t r u c t i o n  of  he rme t i ca l ly  s e a l e d  systems, e s p e c i a l l y  

t h e  cabins  of  modern a i r c r a f t ,  r e q u i r e ,  an exact  knowledge o f  t h e  composition 

o f  t h e  products  o f  human v i t a l  a c t i v i t y  t h a t  are l i b e r a t e d  i n t o  t h e  surround

i n g  medium. The r e sea rch  o f  e a r l i e r  au thors ,  devoted t o  s tudy  o f  t h e  o rgan ic  

components o f  exp i r ed  a i r ,  took on new s i g n i f i c a n c e  i n  c o r r e c t i o n  wi th  t h e  

design and cons t ruc t ion  o f  e c o l o g i c a l l y  c losed  systems in tended  f o r  long 

and cont inous occupat ion by human be ings .  

However, expi red  a i r  i s  only one source  of  t h e  products  emi t ted  by 

human v i t a l  a c t i v i t y .  The exc rea t ion  of  products  of v i t a l  a c t i v i t y  i n  t h e  

p e r s p i r a t i o n ,  i n t e s t i n a l  gases ,  u r i n e  and f eces  i s  o f  g r e a t  importance 

(Tarkhanov, 1886; Korenchevskiy, 1909).  Thus, u rea ,  v o l a t i l e  f a t t y  a c i d s  and 

o t h e r  substances ( c f .  t h e  r e p o r t s  by Levashova, 1895, and Zhandr, 1889, e t c . )  

are excre ted  from t h e  s u r f a c e  o f  t h e  s k i n  i n  p e r s p i r a t i o n .  Ya. L .  Okunevskiy 

a l s o  wrote about t h i s  i n  1920, i n  d i s c u s s i n g  t h e  problem o f  t h e  composition 

of t h e  a i r  aboard submarines of  t h e  Russian navy. 

The chemical composition of  i n t e s t i n a l  gases  has a l s o  been s t u d i e d  i n  

s u f f i c i e n t  d e t a i l .  I t  was shown i n  e a r l y  i n v e s t i g a t i o n s  t h a t  t h e  i n t e s t i n a l  

gases  con ta in  a much h i g h e r  concen t r a t ion  o f  carbon d iox ide  and hydrogen and 

much lower concent ra t ions  o f  oxygen than  atmospheric  a i r  (Ruge, 1862; 

Schierbeck,  1892; Boycott ,  Damant, 1907) .  The presence o f  s i g n i f i c a n t  quan

t i t i e s  o f  methane i n  t h e  i n t e s t i n a l  gases  was a l s o  observed ( F r i e s ,  1906).  

These b r i e f  h i s t o r i c a l  i tems i n d i c a t e  t h a t  a t tempts  t o  determine t h e  

composition o f  t h e  gaseous products  o f  human v i t a l  a c t i v i t y  have been i n  

5 



progress for more than two centuries. These efforts have been completed at 
the present time with a certain degree of success. The use of the latest 
accomplishments in analytical chemistry, particularly gas chromatography and 
infrared spectrometry, have made it possible to determine to a significant 
degree the composition of the gaseous products of human vital activity and 
to evaluate their toxic properties and their importance to the formation of 
ecologically closed systems. 
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CHAPTER I1 

FORMATION OF GASEOUS PRODUCTS OF V I T A L  A C T I V I T Y  DURING 
NORMAL METABOLISM 

The s tudy  of  t h e  problem of  t h e  formation of gaseous products  of  v i t a l  /10 

a c t i v i t y  i n  t h e  course of  normal metabolism i s  concerned p r i m a r i l y  wi th  a 

de te rmina t ion  of  t h e i r  chemical n a t u r e .  

A t  t h e  p re sen t  t i m e ,  more than  400 chemical compounds have been found 

t o  e x i s t  i n  metabol ic  p roduc t s .  They a r e  c l a s s i f i e d  as fo l lows ,  depending on 

t h e  exc re to ry  pathway: 149 subs tances  e n t e r  t h e  surrounding a i r  with t h e  

expi red  a i r ;  183 are  excre ted  i n  t h e  u r i n e ,  196 i n  t h e  feces ,  and 271 from 

t h e  su r face  of t h e  s k i n  (Weber, 1967).  O f  course ,  t h e  t o x i c o l o g i c a l  s i g n i f i 

cance of a l l  o f  t h e s e  products  i s  n o t  t h e  same. S .  G .  Sharov, V .  V .  Kustov 

e t  a l .  , (1966), Yu. G .  “Jefedov e t  a l .  (1967) and F .  Kautroun (1967) l i s t e d  

t h e  fol lowing compounds whose presence  i s  important  f o r  t h e  formation of 

atmospheres f o r  c losed  systems:  ammon a,  phenols ,  methane, hydrogen, i ndo le ,  

s k a t o l e ,  amines , or,qanic a c i d s ,  carbon monoxide, ace tone ,  mercantans , hydrogen 

s u l f i d e ,  a s  well a s  e t h y l  and methyl a l coho l .  A l l  o f  t h e s e  compounds belong 

t o  t h e  so -ca l l ed  t race  gaseous products  of  metabolism, i n  c o n t r a s t  t o  t h e  

carbon d iox ide  and water  vapor t h a t  a r e  t h e  p r i n c i p a l  (and c a r e f u l l y  s tud ied )  

f i n a l  p roducts  of  human metabolism. In  t h e  p re sen t  chap te r ,  w e  s h a l l  cons ide r  

t h e  formation dur ing  v i t a l  a c t i v i t y  of only t h e  t r a c e  compounds: ace tone ,  

ammonia, amines, carbon monoxide, phenol,  i ndo le ,  s k a t o l e ,  carbonic  ac ids  and 

a l coho l s .  

Acetone 

Acetone i s  a normal product  of metabolism, c o n s t a n t l y  formed i n  t h e  

process  o f  metabolism i n  m a m m a l s  (Schwarz and Rothkopf, 1936; Greenberg and 

Lester,  1944).  Acetone i s  excre ted  p r i m a r i l y  i n  t h e  expi red  a i r  and i n  t h e  

u r i n e .  I t  has  a l s o  been shown t h a t  ace tone  exc re t ion  through t h e  s k i n  i s  

poss ib l e .  Approximately 10% o f  t h e  t o t a l  amount i s  exc re t ed  i n  t h i s  manner 

(Parmeggiani and S a s s i ,  1954).  The i n t e n s i t y  of  ace tone  exc re t ion  depends 

on i t s  l e v e l  i n  t h e  blood.  There i s  a d i r e c t  r e l a t i o n s h i p  between t h e  l e v e l s  
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of  acetone i n  t h e  blood and i n  t h e  expired a i r  (Stewart  and Boet tner ,  1964). /11 
Brechner and Bethune (1965) confirmed t h i s  r e l a t i o n s h i p  i n  experiments u s ing  

dogs. 

Data on t h e  acetone l e v e l  i n  human blood and i n  t h e  blood of  v a r i o u s  

experimental  animals a r e  given i n  Table 1. 

T A B L E  1 .  A C E T O N E  CONTENT I N  H U M A N  A N D  A N I M A L  B L O O D  

TY P e  Acetone, mg % Sou rce  

Man 1.5 M a r r i o t t ,  1914 
Man 
Man 

1 . 3  - 1.8 
1.5 

Sulimovskaya, 1945 
Makeyev, G u l e v i c h  and Broude, 1947 

Man 0 .3  - 2.0* Nadeau, 1952 
Man 2.0 - 2.5 S .  Balakhovskiy and I .  Balakhovskiy, 

1953 
Man 

Man 
Dog 
Do9 
Rabbi t 
W h i t e  r a t  

2 .9  t 0 . 3  g/ml 
(serum) 

0 . 0  - 0.1 
0.06 
2 . 2 A  

1.84 2 0.02;: 
1.59 ? 0.1:: 

Levey, Balchum, Medrano, and Jung,
1964 
A s a t i a n i ,  1964 
Vladimirov et a l . ,  1945 
G rosman,, 195 1 

Linyucheva, Tiunov, and Kolosova, 

1 1 9 6 3--. . . -- .. 
Whi t e  mouse 	 1 . 2 5  0.05;: 

1.84 2 0.9;: 

;\Determination performed j o i n t l y  w i t h  a c e t o a c e t i c  a c i d .  

Acetone, t o g e t h e r  with a c e t o a c e t i c  and @-hydroxybutyric a c i d s ,  c o n s t i 

t u t e s  t h e  group o f  s o - c a l l e d  k e t o n i c  bodies,whose l e v e l  i n  t h e  blood i s  de

termined by t h e  course of  t h e  r e a c t i o n  involving metabolism of carbohydrates 

and f a t t y  a c i d s .  The o r i g i n a l  product of t h e  formation of ke ton ic  bodies  i s  

a c t i v e  a c e t a t e ,  a c e t y l  coenzyme A .  The a c e t a t e  fragment i s  formed by oxida

t i o n  of  f a t t y  a c i d s  according t o  t h e  gene ra l  formula 
4H 

R-CII~.. c!r,-coo:I -:-2ii-o --, I:C,OOII -:- cir:3coo:r. (1) 

Another source of a c e t y l  coenzyme A i s  t h e  conversion of carbohydrates t o  t h e  

pyruvate  s t a g e :  

Pyruvic ac id  + NAD' + coenzyme A + a c e t y l  coenzyme A + CO 2 
+ NAD + 

( 2 )
+ H + H +  
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The r e a c t i o n  of t h e  f irst  s t a g e  of t h e  Krebs c i t r i c  a c i d  cyc le  can a l s o  

s e r v e  as a source of  a c e t y l  coenzyme A. I n  t h i s  s t a g e ,  t h e r e  i s  condensation 

of a c e t y l  coenzyme A and o x a l a c e t i c  a c i d  with formation of  c i t r i c  a c i d  and 

/ 1 2coenzyme A.  This r e a c t i o n ,  which i s  ca t a lyzed  by c i t r o s y n t h e t a s e  ( c i t r o - 

oxaloaceto- lyase,  4.1.3.7) is  r e v e r s i b l e .  With an excess of c i t r i c  ac id  and 


a drop i n  t h e  l e v e l  of o x a l a c e t i c  a c i d ,  t h e  r e a c t i o n  s h i f t s  t o  form a c e t y l  


coenzyme A (Shtraub, 1965) : 


CIIJ Clr-cnorr 

The ma jo r i ty  of t h e  a c e t y l  coenzyme A i s  oxidized i n  t h e  c i t r i c  a c i d  

Krebs cyc le  t o  C 0 2  and H 2 0 .  Another p o r t i o n  of t h e  a c e t y l  coenzyme A i s  used 

i n  t h e  numerous r e a c t i o n s  of a c e t y l i z a t i o n ,  and only a small p o r t i o n  of it 

goes i n t o  t h e  formation of ke ton ic  bod ies .  Acetyl coenzyme A i s  condensed t o  

ace toace ty l  coenzyme A.  This  r e a c t i o n  i s  ca t a lyzed  by t h e  enzyme ace toace ty l  

coenzyme A--thiolase (acetyl-coA: a c e t y l  CoA--acetyl t r a n s f e r a s e ,  2 ,3 ,1 ,9 ) .  

CfTn -(:(.)--s? I >  \ CIT,;-CO-- ClT, - C O - S -C~I . ' \. '  i l J - Cn.1. 
ace ty l  coenzyme A ---'ace toace ty l  coenzyme A coenzyme A (4)  

Acetoacetyl coenzyme A i s  used i n  t h e  r e s y n t h e s i s  of f a t t y  ac ids  and 

se rves  as a source f o r  t h e  formation of a c e t o a c e t i c  ac id  and c h o l e s t e r o l .  

Acetoacet ic  ac id  i s  formed by t h e  deacy la t ion  of a c e t o a c e t y l  coenzyme A .  

This r e a c t i o n  occurs i n  two s t a g e s  (Linen, He lming ,  Bub l i t z ,  Soerbo and 

Broeplin-Rueff,  1958). In  t h e  f i r s t  s t a g e  t h e r e  i s  condensation of a c e t o a c e t y l  

coenzyme A with a c e t y l  CoA t o  form 8-oxy-6-methylglutaryl CoA. In t h e  second 

s t a g e ,  t h e  a c e t y l  coenzyme A and a c e t o a c e t i c  ac id  s p l i t  o f f  from t h e  B-oxy

8-methylglutaryl  CoA. A t  t h e  p r e s e n t  t ime,  d a t a  a r e  a v a i l a b l e  which i n d i c a t e  

t h e  p o s s i b i l i t y  of d i r e c t  hydro lys i s  of a c e t o a c e t y l  coenzyme A t o  a c e t o a c e t i c  

a c i d .  An enzyme which c a t a l y z e s  t h i s  r e a c t i o n  has  been e x t r a c t e d  from t h e  

l i v e r  (Drummond and S t e r n ,  1960). This  p o s s i b i l i t y  was a l s o  i n d i c a t e d  by 

Segal and Menon (1960) i n  t h e i r  in v i t r o  experiments with m i t x h o n d r i a  of ra t  

l i v e r .  Evident ly  both d i r e c t  formation of a c e t o a c e t i c  a c i d  from a c e t o a c e t y l  
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coenzyme A and i n d i r e c t  formation v i a  t h e  8-oxy-6-methylglutaryl CoA s t a g e  

occur  i n  t h e  organism. 

The l e v e l  o f  a c e t o a c e t i c  a c i d  i n  t h e  serum o f  a h e a l t h y  human be ing  is 

2 .04  ? 0.6  mg% (Klein and Oklander, 1966). Acetone i s  formed by t h e  decar 

boxy l i za t ion  o f  a c e t o a c e t i c  a c i d .  Not a l l  of  t h e  a c e t o a c e t i c  a c i d  becomes 

acetone,  however. A p o r t i o n  undergoes degrada t ion  t o  8-hydroxybutyric a c i d .  

The deca rboxy l i za t ion  of  a c e t o a c e t i c  a c i d  t o  form ace tone  occurs  spontaneous

l y ,  bu t  i t s  conversion t o  &hydroxybutyr ic  a c i d  i s  ca t a lyzed  by t h e  enzyme 

3-oxybutyrate  dehydrogenase (D-3-oxybutyrate; NAD-oxide r e d u c t a s e ) .  

The r a t e  of  ox ida t ion  o f  a c e t o a c e t i c  a c i d  i n  man i s  35 mg/kg/hr 

(Leytes and Lapteva, 1967).  
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The formation of acetone dur ing  normal metabolism i s  shown i n  Figure 1. 

Formation of ace tone  and o t h e r  ke ton ic  bodies  occurs  i n  t h e  l i v e r  (Van S t a l i e  

and Bergen, 1961).  The conten t  of ke ton ic  bodies  i n  t h e  r a t  l i v e r  i s  

2.66 mg% according t o  d a t a  from 0. N .  Abbakumova-Zepalova (1950). V .  S .  

Asa t i an i  (1953) obta ined  s i m i l a r  f i g u r e s ,  15-33 ug/g of l i v e r  t i s s u e .  The 

ke ton ic  bodies  pas s  i n t o  the blood from t h e  l i v e r .  Data on t h e  conten t  o f  

ke ton ic  bodies  i n  t h e  blood are presented  i n  Table  2 .  

The ke ton ic  bod ies ,  l i k e  ace tone ,  are formed i n  t h e  l i v e r  and e n t e r  t h e  

blood. They a r e  removed from t h e  blood v i a  t h e  u r i n e  and expi red  a i r ,  and 

undergo p a r t i a l  conversion i n t o  o the r  t i s s u e s .  The ke ton ic  bodies  a r e  no t  

metabolized i n  t h e  l i v e r .  This i s  i n d i c a t e d  by t h e  absence i n  t h e  l i v e r  of 

t h e  enzymes f o r  t h e i r  ca tabol i sm and t h e  h igh  l e v e l  of ke ton ic  bodies  i n  t h e  

blood (Van S t a l i e  and Bergen, 1961).  Experiments wi th  ra t s  have shown t h a t  

a c e t o a c e t i c  a c i d  undergoes conversion i n  s k e l e t a l  muscle (Beat ty  and Marco, 

1960).  

Acetone i s  d i s t r i b u t e d  among t h e  organs i n  t h e  fol lowing o rde r  ( i n  o rde r  

of decreas ing  concen t r a t ion ) :  b r a i n ,  sp l een ,  l i v e r ,  pancreas ,  kidneys,  lungs,  

muscles,  and h e a r t  Dervil lee e t  a l . ,  1949). The ace tone  conten t  i n  t h e  /14 
t i s s u e s  i s  much less than  i n  t h e  blood (Haggard, Greenberg, and Turner ,  1944).  

For example, t h e  ace tone  conten t  i n  t h e  blood i s  4 times h ighe r  than  i n  t h e  

h e a r t  (Kemal , 1937) . 
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Oxalacetic I
, I  
i 

acid \ /
/

B -oxy-
A 

6- inethylglutaryl 
/

I 

F i g u r e  1 .  F o r m a t i o n  o f  

TABLE 

TY Pe 

Man 
Man 
Man 

Man 

Man 
Man 
Man 
Man 

Dog 
Dog 
R a b b i t  
R a b b i t  
Guinea P i g  
W h i t e  Rats 
W h i t e  Mice  

M e t a b o l i s m .  

2. CONTENT OF KETONIC 

K e t o n i c  bod ies ,  mg2 

0.3 - 0.9 (plasma) 
0 . 2  - 0 . 8  (serum) 

9.23 - 1 5 . 3 1  
(a r t e  r ia 1 b 1 ood ) 
1 0 . 8 2  - 11.90 

(venous b 1 ood) 
8.24 
6 - 9  
4.6 

0.71 f 0.21 p M / l  


(serum) 

2.7 f 0 . 9  


8.6 

0.65 f 0.35 

1.0 - 7.7 
17.5 f 0.83  
i 2 . 1  ? 0.20 
11.80 f 0.53 

Acetone D u r i n g  FJormal 

B O D I E S  I N  HUMAN AND ANIMAL BLOOD 

. .  

Source 
__ 

Weichselbaum, Somogvi, 1941 
S t a r k ,  Somogvi, 1912 

L e y t e s ,  1945 

L e y t e s  and L i rman,  1946 

Simonian and D a n i e l ' - B e k ,  1950 

Passmore, 1961 

Johnson, Sargent  and Passmore, 1958 


Pushkina,  1963 

G rosman , 1950 

Pushk ina ,  1963 

Povol o t s  kaya , 1940 

L inyucheva e t  a l . ,  1968 

L inyucheva e t  a l . ,  1968 

L inyucheva e t  a l . ,  1968 
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The t h e o r e t i c a l  p o s s i b i l i t y  of acetone conversion i n  t h e  organism was 

mentioned as e a r l y  as t h e  19 th  century (Schwarz, 1896). However, it i s  only 

i n  t h e  last  few decades,  thanks t o  t h e  u s e  of t racer  atoms, t h a t  r e l i a b l e  

d a t a  have been gained on t h e  conversion pathways o f  t h i s  m e t a b o l i t e  i n  t h e  

organism. I t  was found i n  experiments u s i n g  Wistar rats t h a t  about 50% of 

t h e  acetone adminis tered o r a l l y  is  oxidized t o  CO 2 ( P r i c e  and R i t t enbe rg ,  

1950). This pathway f o r  t h e  conversion o f  acetone may b e  imagined as fo l lows :  

Acetone i s  carboxyl ized t o  a c e t o a c e t i c  a c i d  (Koehler, Windsor and H i l e ,  1941; 

P l a u t  and Lardy, 1950), t hen  converted t o  @-hydroxybutyric ac id  (Carpraro and 

Milla, 1950). The.use of acetone l abe led  with hydrogen (deuterium) has made 

it p o s s i b l e  t o  fol low a r a d i o a c t i v e  l a b e l  i n  c h o l e s t e r i n  (Borek and R i t t enbe rg ,  

1948). These d a t a  i n d i c a t e  t h a t  conversion of acetone occurs i n  t h e  organism 

along t h e  same metabol ic  pathways as i t s  formation.  I n  a d d i t i o n ,  t h e  conver

s i o n  of acetone forms t h r e e  carbohydrate fragments o f  i n t e rmed ia t e  metabolism 

(Sakami and Lafayl ,  1951). The r a d i o a c t i v e  carbon i n  acetone (C 14) occurs  i n  

pyruvate (Mourkides, Hobbs, and Koeppe, 1959) and then  becomes carbonic  a c i d  

through t h e  r e a c t i o n  of t h e  Krebs c i t r i c  a c i d  c y c l e .  A c e r t a i n  p a r t  of t h e  /15 
acetone passes  through t h e  pyruvate  s t a g e  t o  be converted i n t o  amino-acids: 

a l a n i n e ,  a s p a r t i c  a c i d ,  glutamic a c i d ,  l a c t a t e ,  f a t t y  a c i d s  (Lindsay and 

Brown, 1966), glucose (Ghiani and Nasta, 1947),  and a c e t a t e  (Zabin and Bloch, 

1950). 

Thus, acetone i s  formed i n  t h e  organism i n  t h e  course o f  normal v i t a l  

a c t i v i t y ,  t o g e t h e r  with o t h e r  ke ton ic  bodies ,  by t h e  conversion of f a t t y  

a c i d s  and carbohydrates .  The o r i g i n a l  product of i t s  formation i s  a c e t y l  

coenzyme A. A s i g n i f i c a n t  p a r t  of t h e  a c e t y l  coenzyme A i s  used i n  a c e t y l i z a 

t i o n  r e a c t i o n s ,  b u t  a c e r t a i n  amount of it i s  converted i n t o  a c e t o a c e t y l  

coenzyme A and then  i n t o  a c e t o a c e t i c  a c i d ,  and t h e  product of t h e  decarboxyl i 

z a t i o n  of t h e  l a t t e r  i s  acetone.  The acetone formed i n  t h i s  manner i s  excreted 

i n  t h e  expired a i r ,  i n  t h e  u r i n e  and through t h e  s k i n .  A c e r t a i n  p o r t i o n  

undergoes r e v e r s e  conversion and i s  oxidized i n  t h e  organism t o  CO 2 '  
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Amman ia__-
This section is devoted to the processes leading to the formation of 

ammonia, the pathway by which it is converted, and the mechanisms by which 
it is excreted from the organism. Ammonia is one of the end products of 
nitrogen metabolism. The basic sources of its formation in the tissues1 Are 

the amino acids, amines, and amide groups of proteins. In muscle and brain 
tissue, the principal sources of ammonia are adenylic acid and glutamine 
(Embden, 1927; Vladimirova, 1938; Ferdman, 1950). Adenylic acid is deaminated 
by the formation of inosinic acid and ammonia. This reaction is catalyzed by 
the enzyme AMP-desaminase (AMP-aminohydrolase, 3.5.4.6). A number of studies 
have been devoted to the formation of ammonia from amide groups of proteins 
(Kane, 1957; Weil-Malherbe and Green, 1955). R. Vrba et al., (1954) state 
that the breakdown of amide functional groups of proteins in brain tissue 
form roughly one-fourth of all ammonia in the body. The following diagram 

has been suggested for this process: 

I The formation of ammonia in the large intestine by the anaerobic splitting 

up of amino acids, as well as its formation in stored urine due to the 

splitting of urea under the influence of microbial flora, are discussed in 

separate sections. 
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The ammonia formed i n  t h i s  manner from p r o t e i n  glutamine r e a c t s  with t h e  free 

glutamic a c i d  t o  form glutamine. The formation o f  ammonia from t h e  amide 

groups o f  p r o t e i n s  i n  t h e  l i v e r  and nervous system may occur  by another  pa th 

way as w e l l .  The b iogen ic  amines (his tamine,  s e r o t o n i n ,  no rad rena l ine )  may 

i n t e r a c t  with t h e  amide groups o f  p r o t e i n s .  This forms a p e p t i d e  chain and 

ammonia i s  exc re t ed  (Mycek and Waelsch, 1960). This r e a c t i o n  i s  ca t a lyzed  by 

the  enzyme t r a n s g l u t  aminase : 

t ransglutaminase
p r o t e i n  --COSIT:-t- RS-lII,______-_.--)prote in-COKtlI?. -1- Xll : j .  ( 6 )  

Oxidizing deamination p l ays  an extremely important r o l e  i n  t h e  process  of 

p r o t e i n  formation. A l i p h a t i c  Z-amino a c i d s  a r e  sub jec t ed  t o  deamination 

under t h e  in f luence  o f  dehydrogenase from Z-amino a c i d s  (Z-amino a c i d :  NAD

oxidoreductase (deaminating, 1 .4 .1 .5)  : . 

I Icoor1* coo11 
amino acid] imino acid (7)  

R P,
I spontaneously

’ 
I
c=70-tsI Ic:=yfI .... 

I 1 
eootr COOII  

imino acid keto acid 

The glutamic acid-glutamine system is  of g r e a t  importance i n  t h e  formation of 


ammonia by deamination of amino a c i d s .  A s  a m a t t e r  of f a c t ,  t h e  above-men


t i oned  process  of formation of ammonia by t h e  ox id iz ing  deamination of 


Z-amino a c i d s  i s  l i m i t e d  t o  t h e  l i v e r  and kidneys,  where dehydrogenase from 


Z-amino a c i d s  has been observed. The process  of ammonia formation from 


Z-amino a c i d s  fol lowing t h e i r  t ransaminat ion with t h e  formation of glutamic 


ac id  i s  more widespread. Under t h e  i n f l u e n c e  of t h e  enzyme glutamate dehy


drogenase [Z-glutamate. NAD-oxidoreductase (deaminating) 1 . 4 . 1 . 2 1  t h e  glu 


tamic ac id  t u r n s  i n t o  k e t o g l u t a r i c  a c i d .  Ammonia i s  l i b e r a t e d  i n  t h e  p rocess .  


NADP may a l s o  a c t  as a coenzyme with glutamate dehydrogenase, i n  a d d i t i o n  t o  


NAD. I n  t h i s  ca se  t h e  enzyme w i l l  be c a l l e d  glutamate dehydrogenase (NADP) /17 

1 .4 .1 .4 .  This  enzyme i s  contained i n  t h e  l i v e r ,  kidneys,  s k e l e t a l  muscle, 


b r a i n ,  h e a r t ,  sp l een ,  and thy ro id  gland (Arutyunyan, 1966) .  The diagram 
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showing t h e  formation of ammonia i n  t h i s  case w i l l  have t h e  fol lowing 

appearance (Rapoport, 1966): 
tran8amina se 

amino acid- \./I - a -ketoglutaric-
\ /

- - N A D . I I ? ~ ~ [ I ~
acid 

NAD -1- II,Oketo acid -
/ \

-glutamic acid -"'
glutamate dehydrogenase 

This  system i s  r e v e r s i b l e  and can a l s o  s e r v e  f o r  t h e  l i b e r a t i o n  of f r e e  

ammonia and t h e  formation of amino ac ids  from ke to  a c i d s .  Glutamic a c i d ,  i n  

a d d i t i o n  t o  ox id i z ing  deamination, may a l s o  undergo o t h e r  conversions.  I n  

p a r t i c u l a r ,  i t  may be ac t ed  on by t h e  enzyme glutamine s y n t h e t a s e  (Z-gluta

mate: ammonia--ligase (ADP) ,  6 . 3 . 1 . 2 ) .  In  t h e  presence of  ATP, it can 

r e a c t  with ammonia t o  form diamine-glutamine. 

coo11 g 1 u tami n e  
I s y n t h e t a s eClI-7ilI~ 4-Sf12 -I- .4T(D . ~ 

. ... 

I 
CII? 
I 

Cf12 -
coo I 1  
glutamic ac id  

Glutamine a s  a component p a r t  of animal t i s s u e  was discovered by D .  L .  

Ferdman (1941). This  compound p lays  a very important r o l e  i n  t h e  t r a n s p o r t  

and rendering harmless of ammonia i n  va r ious  t i s s u e s  (Ferdman, Frenkel '  and 

Simakova, 1942) .  Under t h e  in f luence  of t h e  enzyme glutaminase (Z-glutamin

amidohydrolase, 3 . 5 . 1 . 2 ) ,  glutamine i s  deamidated with t h e  formation of 

ammonia: 
glutaminase 

S%.2-91 utami n e  - f - TTJO- . - -.2-g 1 u t  am i c ac  i d -: 
(10) 

I n  a d d i t i o n  t o  t h e  above p rocesses  which lead t o  t h e  formation of ammonia, 

t h e r e  a r e  a number of o t h e r  r e a c t i o n s  i n  t h e  organism which are r e l a t e d  t o  

t h e  formation of ammonia b u t  which appa ren t ly  p l a y  a lesser r o l e .  They are 
as fol lows:  
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-
transamination glutamic -Amino acid+- -,aspartic acid+

deamino-NAD (Bunyatyan and Movesyan, 1966) 
(ATP 1 
' 4  .NAD + fumarate-NAD -succinate-+-NIIl + deamino-NAD 

secondary, (maunsteii 

-
diaminooxydase

-,aldehyde+ S H ~+ E L O ~  (Braunstein, 1966) 
Pyridoxaminophosphate + J ~ .+?o. ~PYridoxaminoPhosPhatO~naSe--_ . .. 

-pyridoxalphosphate + XII,  + 11~0 (W'ada and Snele, 1961) 
Adenine+ H 2 0+adeninedesainin%hypoxanthine + NH3 Ditto-_

uaninedesaininase 
- *xanthine +N& e bGuanine -f- II,O +g

adenoisinedesaminaseAdenosine+ IT&+ - . --+inosine+NH. * .~~~-~~~~ 

cytidinedesaininase
Cytidine + :I~O-,-

=- +uridine+ NIT. * *  

The n a t u r e  o f  t h e  processes  of ammonia formation means t h a t  a c e r t a i n  /18 
amount of  ammonia i s  always t o  be found i n  t h e  blood and t i s s u e s  of t h e  

organism. Data on t h e  ammonia content  i n  human blood and i n  t h e  blood of 

l abora to ry  animals are given i n  Tables 3 and 4 .  

A s  we can s e e ,  t h e  ammonia l e v e l  i n  t h e  blood and t i s s u e s  i s  r e l a t i v e l y  

low. This h igh ly  t o x i c  me tabo l i t e  does no t  accumulate i n  t h e  organism, 

s i n c e  t h e  i n t e n s e  processes  of ammonia formation a r e  accompanied by r e a c t i o n s  

t h a t  d e s t r o y ,  u t i l i z e ,  o r  e x c r e t e  i t .  I n  d i s c u s s i n g  t h e  processes  o f  des- /19 
t r u c t i o n  of ammonia i n  t h e  organism, it is  necessary t o  mention t h e  work of 

Ivan Petrovich Pavlov, who showed t h a t  t h e  breakdown of ammonia occurs i n  

t h e  l i v e r  during t h e  formation of u rea  (Gan, Massen, Nentskiy and Pavlov, 

1892).. A s  of t h e  p r e s e n t  t ime, t h e  process  of u r e a  formation has been 

s tud ied  i n  g r e a t  d e t a i l .  I t  i s  known as t h e  Krebs-Henseleit cyc le  

(Braunstein,  1949; Rapoport, 1966; F lo rk in ,  1965).  
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TABLE 3. AMMONIA CONTENT I N  
. .  . -

TYpe I Ammonia, mg%
I. . .  

HUMAN AND ANIMAL BLOOD 

Source 
. 

C O I ~ \ V ~ ~ ,Cc)Oli, 19.;9 
~ O I l \ \ - L l ) ' ,  C O l  Jk, 19,:g 
A s a t i a n i ,  1953 

1 1 ,  , 

Pushkina,  1963 
A s a t i a n i ,  1964 

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  

. . . . .  
R a b b l t .  . . . . 

D . . . . .  
Guinea p i g  

0,ooi  
@,OS (PI asma) 
I,,01-0,03G 
O , O G - - O .  14 

Commas i n d i c a t e  dec imal  p o i n t s .  

TABLE 4 .  AMMONIA CONTENT I N  ANIMAL TISSUES 

_ _  - .  

Type o f  an ima l  
and t i s s u e  

-

Cat 
s k e l e t a l  m u s c l e .  
c a r d i a c  muscle . 

\ f h i t e  r a t  
b r a i n  . . . . . . . 
b r a i n  . . . . . . . 

b r a i n  . . . . . . . 
W h i t e  m i c e  

b r a i n  . . . . . . . 
s k i n  ( e p i d e r m a l  I 

l a y e r )  . . ....... . 

. - . . 

Ammonia, mg% 
~ . - - ...

8 , l  
3 . 6  

. - .. . _ _  
Source 

. - .. . 

S i l a k o v a ,  1954 


V l a d i m i r o v a ,  1957 

Gershenov i ch , K r  ichevs kaya , 

and B r o n o v i t s k a y a ,  1957 

I:icllcrt, I)ni.vstiii, 19i'i 


M a r t i n s o n  and 

T y a k h e p y l ' d ,  1957 

IiobcIt., l~rni i l ;e l ,  l9:9 

p o i n t s .Commas i n d i c a t e  dec ima l  

17  




! I I 111l1ll111ll1l1111lllllIIIII I I I l l  I I I 

The f i rs t  phase of u r e a  formation i s  t h e  r e a c t i o n  of f r e e  ammonia 

with carbon d iox ide  i n  t h e  p r e s e n t e  o f  ATP. This  r e a c t i o n  i s  ca t a lyzed  by 

t h e  enzyme carbamyl s y n t h e t a s e .  A s  a r e s u l t ,  carbamyl phosphate and ADP 

a r e  formed: 
x1r3; c:o,.;.~~p carbamyl s y n t h e t a s e  3 

0 �1 

A c e r t a i n  amount of t h e  carbamyl phosphate which i s  formed under t h e  in f luence  

of t h e  enzyme asparto-carbamoyl t r a n s f e r a s e  (carbamoyl phosphate:  Z-asparto

carbamoyl t r a n s f e r a s e  2.1.3.2)  i s  included i n  t h e  s y n t h e s i s  of t h e  py r imid in ic  

bases  through t h e  formation o f  carbamyl a s p a r t i c  a c i d  and u r i d i n e  monophos

phate .  However, t h e  m a j o r i t y  of t h e  carbamyl phosphate,  under t h e  in f luence  

of o r n i t h i n e  carbamoyl t r a n s f e r a s e  (carbamoyl phosphate:  2 -o rn i th ine  

carbamoyl t r a n s f e r a s e ,  2 .1 .3 .3)  r e a c t s  with o r n i t h i n e  t o  produce c i t r u l l i n e  

and ino rgan ic  phosphorus. The use  of carbamyl phosphate i s  r egu la t ed  

according t o  t h e  feedback p r i n c i p l e  (Kachurina and Tiunov, 1966; Jones,  

Anderson and Hodes, 1961). 

The next  s t e p  i n  t h e  s y n t h e s i s  of u r e a  i s  t h e  r e a c t i o n  of c i t r u l l i n e  

with a s p a r t i c  a c i d  and ATP t o  form a r g i n i n e  s u c c i n a t e .  This r e a c t i o n  i s  

ca t a lyzed  by a r g i n i n e  s u c c i n a t e  s y n t h e t a s e  ( 2 - c i t r u l l i n e :  2 -a spa r to l igase  

(AMP) 6 . 3 . 4 . 5 ) .  The a r g i n i n e  s u c c i n a t e  t h a t  i s  formed under t h e  in f luence  

of a r g i n i n e  s u c c i n a t e  l y a s e  (2-arginine s u c c i n a t e  a r g i n i n e  l y a s e  4.3.2.1)  

breaks down i n t o  a r g i n i n e  and fumaric a c i d .  The las t  s t a g e  i s  t h e  h y d r o l y t i c  

decomposition of a r g i n i n e  with t h e  a i d  of t h e  enzyme a r g i n a s e  (2 -a rg in ine  

ureohydrolase 3.5.3.1)  t o  o r n i t h i n e  and u r e a .  The o r n i t h i n e  again e n t e r s  

t h e  r e a c t i o n  of t h e  Krebs-Henseleit  cyc le  while  t h e  u r e a  i s  excreted with 

t h e  u r i n e  and p e r s p i r a t i o n  (Figure 2 ) .  

Hence, t h e  bonding of ammonia i n  t h e  Krebs-Henseleit cyc le  with t h e  

formation of u rea  occurs  as fo l lows :  (Shcheklik,  1966):  

Urea +- arginine - 1 - fumaric acid <-.arginine succinate 
I T 
J, CO: - { - S I I z  -i ATP I 

ornitfine carbamyl phosphate
> 

citrilline -: aspartic3- .
- 11-0 acid 
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The s y n t h e s i s  of u rea  occurs  mainly i n  t h e  l i v e r .  Now, however, d a t a  a r e  

a v a i l a b l e  which i n d i c a t e  p o s s i b i l i t y  of t h i s  s y n t h e s i s  i n  t h e  b r a i n  as well 

(Bunyatyan and Davtyan, 1967; Gershenovich, e t  a l . ,  1967; Bunyatyan,, 1966). 

Rena 1 Rena 1 B 1ood 
t u b u l e  t ubu la r  

eel 1s 

KaGI  

CO, + IJ,O- ---i
4 Ca rboanhyd r a se  

H CO, 

1 

./.CI - Xa' 
-J 

Glutamic acid 

G 1 utami n e  
. -

Figure 2 .  Diagram o f  Ammonia Excretion by t he  K i d n e y s .  

Ammonia which i s  produced i n  t h e  kidneys i s  exc re t ed  with t h e  u r i n e .  

Ammonia formation i n  t h e  kidneys is  achieved by t h e  deamination of 2-amino 

a c i d s ,  e s p e c i a l l y  g1utamj.c a c i d  and a s p a r t i c  ac id  (Rraunstein and Azarkh, 

1944). The oxidase of Z-amino a c i d s  func t ions  i n  t h e  kidneys; it was i s o l a t e d  

by Blanchard and Green, 1944. The c e l l s  of t h e  r e n a l  t ubu le s  a c t i v e l y  q e c r e t e  

ammonia, which i s  formed as ammonia ions  i n  t h e  t u b u l a r  f l u i d  (Ul r i ch ,  1960).  

This process  i s  accompanied by t h e  consumption of energy from adenosine 

t r i phospha te .  The u s e  of i n h i b i t o r s  of adenosine t r i p h o s p h a t a s e  suppresses  

t h e  s e c r e t i o n  of ammonia i n  t h e  kidneys (Bunyatyan, Oganesyan, Gevorkyan, 

1967). The a c t i v i t y  of carbonanhydrase (carbonate  hydrolase 4.2.1.1) i s  
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s i g n i f i c a n t  f o r  t h e  e x c r e t i o n  of ammonia by t h e  kidneys.  This  enzyme pro

motes t h e  formation of H CO2 3  from CO2 and H20 i n  t h e  renal t u b u l a r  ce l l s .  

Carbonic a c i d  i s  d i s s o c i a t e d  t o  form H+ and HC03- i o n s .  Hydrogen i s  used 

t o  form ammonium c h l o r i d e  from ammonia. The c h l o r i n e  ions  f o r  t h i s  p rocess  

are formed by t h e  d i s s o c i a t i o n  of N a C 1 .  The N a +  i ons  r e a c t  with t h e  HCO3 -
ions t o  form NaHCO 3 '  Consequently, t h e  h ighe r  t h e  a c t i v i t y  of t h e  carboan- -$.
hydrase,  t h e  more ions of H and HC03 . The more HCO 3 i ons  t h e r e  are, t h e  

4
more binding of Na i o n s  t h e r e  i s ,  which a c c e l e r a t e s  t h e  d i s s o c i a t i o n  of 

N a C l  and l eads  t o  an i n c r e a s e  i n  t h e  number of C 1 - i o n s ,  which p a r t i c i p a t e  / 2 1-
(along with t h e  hydrogen ions )  i n  t h e  formation of ammonium c h l o r i d e  from 

ammonia (Figure 2 ) .  The ammonia which i s  formed i n  t h e  kidneys i s  no t  

excreted completely wi th  t h e  u r i n e .  A c e r t a i n  p o r t i o n  o f  it e n t e r s  t h e  r ena l  

v e i n  and thence passes  i n t o  t h e  gene ra l  c i r c u l a t i o n  (Gorzheyshi, 1967). A 

number of f a c t o r s  b e a r  on t h e  i n t e n s i t y  of ammonia e x c r e t i o n  by t h e  kidneys.  

F i r s t  of a l l ,  we should mention t h e  r o l e  of t h e  u r i n e  r e a c t i o n .  More ammonia 

i s  excreted i n  a c i d  u r i n e .  The logarithm of t h e  r a t e  of ammonia e x c r e t i o n  i s  

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  pH of t h e  u r i n e  ( J a c i n a ,  1961).  A s i g n i f i c a n t  

r o l e  i s  played by t h e  a c t i v i t y  of such enzymes as carboanhydrase,  t h e  oxidase 

Z-amino ac id  glutaminase,  as we l l  as a number of t h e i r  s u b s t r a t e s  (P rope r t ,  

1961). 

Thus, t h e  e x c r e t i o n  o f  ammonia from t h e  organism i s  determined by 

numerous r e a c t i o n s  invo lv ing  i t s  formation,  t h e  i n t e n s i t y  of u rea  formation 

and t h e  func t ion ing  of t h e  systems f o r  i t s  e x c r e t i o n  i n  t h e  kidneys.  D i s tu r 

bance of any l i n k  i n  t h e s e  coordinated p rocesses  w i l l  lead t o  an i n c r e a s e  i n  

t h e  ammonia l e v e l  i n  t h e  t i s s u e s  and blood, i n c r e a s i n g  i t s  e x c r e t i o n  i n  t h e  / 2 2-
expired a i r  and p e r s p i r a t i o n  and t h e  development of p a t h o l o g i c a l  processes  

t h a t  produce i t s  t o x i c  e f f e c t .  

Carbon Honoxide-
For a long time t h e  p o s s i b i l i t y  of t h e  formation of carbon monoxide i n  

t h e  human organism and i n  animals was s u b j e c t  t o  doubt.  On t h e  o t h e r  hand, 

as e a r l y  as 1894 a paper was published by Greant,  which was l a t e r  supported 

by Nicloux (1898, 1898a) and De-Saint-Martin (1898), on t h e  presence of 
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carbon monoxide i n  dog blood. Later, carbon monoxide was found i n  t h e  blood 

of hea l thy  human beings (Nicloux, 1902, 1924, 1925) and i n  t h e  expired a i r  

o f  dogs who had breathed an a r t i f i c i a l l y  prepared gas mixture  t h a t  d i d  not  

con ta in  carbon monoxide (Rathery, Gley, Frane and Coursat,  1932). However, 

a l l  of t h e s e  i n v e s t i g a t i o n s  d i d  no t  r e c e i v e  general  r e c o g n i t i o n  i n  view of 

t h e  incompleteness of t h e  a n a l y t i c a l  methods t h a t  e x i s t e d  a t  t h a t  time. 

Barth e t  a l . ,  (1953), n o t i n g  t h i s  fac t ,  denied t h e  p o s s i b i l i t y  of an endo

genic  formation of carbon monoxide i n  t h e  course of normal metabolism. 

Peloquin (1951) po in t ed  out t h a t  t h e  presence of carbon monoxide i n  t h e  blood 

of man and animals i s  t h e  r e s u l t  of abso rp t ion  of t h i s  poison from t h e  

surrounding atmosphere. S i m i l a r  statements a r e  t o  be found i n  t h e  work of 

T r u f f e r t  (1951). A t  t h e  p r e s e n t  t ime, however, thanks t o  t h e  numerous 

s t u d i e s  t h a t  have been conducted with t h e  u s e  of d i v e r s e  and h igh ly  s e n s i t i v e  

methods, conclusive evidence has  been obtained i n d i c a t i n g  t h a t  processes  of 

carbon monoxide formation go on cont inuously i n  t h e  organism. This problem 

i s  of tremendous importance i n  connection with t h e  important r o l e  of t h e  

endogenic formation of carbon monoxide i n  t h e  formation of t h e  gas composi

t i o n  of t h e  a i r  medium of  occupied he rme t i ca l ly  sea l ed  chambers (Bogatkov, 

Nefedov and Poletayev, 1961; Tiunov and Kustov, 1966). Surveys of t h e  

l i t e r a t u r e  on t h e  endogenic formation of carbon monoxide a r e  found i n  papers 

by many authors  (Tiunov, 1955; Tiunov and Kustov, 1966; Engstedt ,  1957). 

Endogenic formation of carbon monoxide has been d e t e c t e d  i n  man ( S j o e s t r m d ,  

1949, 1949a), dogs (Coburn, Williams, Kahn, and F o r s t e r ,  1964; Luomanmaeki, 

1966), r a b b i t s  and guinea p i g s  (Kustov, and Ivanova, 1963; Metz and S joes t r and ,  

1954), white  r a t s  (Kolosova, Tiunov and Kustov, 1969).  In  dogs, t h e  r a t e  of 

CO formation i s  0 . 2 1  t 0.09 ml/hr (Luomanmaeki, 1966).  These f i n d i n g s  were 

confirmed by Coburn e t  a l . ,  (1967), who obtained similar f i g u r e s  i n  t h e i r  

experiments (0 .21  k 0.05 ml /h r ) .  According t o  our d a t a ,  t h e  endogenic forma

t i o n  of CO i n  white  r a t s  proceeds a t  an approximate r a t e  o f  0.026 ml/hr 

(Kolosova, Tiunov, and Kustov, 1969).  In man, t h e  r a t e  of CO formation i n  

t h e  organism i s  0.42 +_ 0 .07  ml/hr (Coburn, Blakemore, and F o r s t e r ,  1963). 

In  t h e  blood of male nonsmokers, t h e  CO content  i s  0.38 k 0.15%, while /23 

f o r  women it i s  0.30 2 0.11% (Hallberg,  1955). Due t o  t h e  endogenic carbon 
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monoxide i n  t h e  blood,  t h e r e  may be from 1.5% (Guil lerm e t  a l . ,  1953) t o  

3-4% carboxy-hemoglobin ( S e i f e r t ,  1951; Pe t ry ,  1953). 

There a r e  a number of hypotheses r ega rd ing  t h e  mechanisms of endogenic 

formation of  carbon monoxide. Some o f  them a r e  only o f  h i s t o r i c a l  i n t e r e s t  

a t  t h e  p re sen t  t ime.  The g r e a t e s t  amount of a t t e n t i o n  has been a t t r a c t e d  

by a hypothesis  which l i n k s  t h e  formation of CO i n  t h e  organism t o  t h e  de

g rada t ion  of hemoglobin molecules.  I t  has been observed t h a t  t h e  endogenic 

formation of carbon monoxide inc reases  when t h e r e  i s  inc reased  decomposition 

of hemoglobin. In  t h i s  ca se ,  i f  t h e  catabol ism of hemoglobin remains un

changed, t h e  i n t e n s i t y  of carbon monoxide formation w i l l  a l s o  remain cons t an t  

(S joes t r and ,  1949a, 1950).  When blood i s  incubated f o r  20 hours (+38'C), a 

c e r t a i n  amount of CO i s  formed. During hemolysis,  t h e  formation of carbon 

monoxide i s  inc reased .  The i n t e n s i t y  of t h e  formation of carbon monoxide 

corresponds t o  t h e  r a t e  of degradat ion of hemoglobin (S joes t r and ,  1951, 1951a, 

1952, 1952a, 1952b, 1953). I n  a number of d i s e a s e s  accompanied by hemolysis,  

an i n c r e a s e  i n  t h e  carbon monoxide l e v e l  has been observed i n  t h e  blood and 

expired a i r  (Engstedt and Tretheim, 1953; T r o e l l ,  Norlander,  and Johonson, 

1955). S joes t r and  (1951) suggested t h a t  t h e  formation of carbon monoxide 

occurs i n  t h e  ox ida t ion  of hydrogen i n  t h e  a-methine c r o s s  l i n k  with subse

quent breakage of  t h e  t e t r a p y r r o l  r i n g  of hemoglobin. Ludwig, Blakemore and 

Drabkin (1957, 1957a),  i n  experiments with t h e  o x i d a t i o n  of c r y s t a l l i n e  hemin, 

showed t h a t  s e c r e t i o n  of CO proceeds p a r a l l e l  t o  t h e  formation of verdohemo

g lob in .  These d a t a  were confirmed by Coburn e t  a l . ,  (1962, 1964), who used 

r a d i o a c t i v e  C 1 4  i n  t h e i r  s t u d i e s .  These au tho r s  i n j e c t e d  g lyc ine  l a b e l e d  with 
14carbon (glycine-2C ) i n t o  t h e  r e t i c u l o c y t e s .  Thus, when hemoglobin was syn

t h e s i z e d  i n  t h e  r e t i c u l o c y t e s ,  t h e  C 1 4  en t e red  t h e  methine c ros s  l i n k  

o f  t h e  t e t r a p y r r o l  r i n g ,  When such carbon-labeled hemoglobin was degraded, 

l abe led  carbon monoxide (C140) was formed. A t  t h e  same t i m e ,  t he  i n t r o d u c t i o n  
1 4of carbon-labeled formate does not lead t o  t h e  occurrence of C 0,  which i n 

d i c a t e s  t h a t  t h e r e  i s  no r e l a t i o n s h i p  between t h e  exchange of t h e  monoxide 

remnants and t h e  formation of carbon monoxide (Coburn, 1967). The r a d i o a c t i v e  

l a b e l  was observed i n  carbon monoxide when protoporphyrin and methemoglobin 

l abe led  with carbon were i n j e c t e d  i n t o  t h e  organism. I n  t h e  l a t t e r  ca se ,  
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however, i f  t h e  r a d i o a c t i v e  carbon was i n  t h e  p r o t e i n  p a r t  of t h e  hemoglobin, 

no r a d i o a c t i v i t y  was observed i n  t h e  carbon monoxide. This  was s t i l l  one 

more i n d i c a t i o n  t h a t  carbon monoxide is  formed i n  t h e  p rocess  of normal meta

bolism and t h e  degradat ion of hemoglobin due t o  t h e  heme carbon (Coburn, 

Williams, White, and Kahn, 1967). The formation of  carbon monoxide occurs 

i n  molar compounds with hemoglobin t h a t  i s  being destroyed (Coburn, Williams, 

and F o r s t e r ,  1964; Coburn and Kane, 1965). 

A c e r t a i n  amount of hemoglobin i s  s t i l l  destroyed i n  t h e  e r y t h r o c y t e s ,  

but  most of it i s  degraded i n  t h e  r e t i c u l o e n d o t h e l i a l  c e l l s  of t h e  l i v e r  and 

sp leen ,  which a r e  t h e  s i t e  of  formation of endogenic carbon monoxide. This 

was shown i n  experiments on dogs performed by Wise and Drabkin (1965). De

g rada t ion  o f  hemoglobin begins  as a r e s u l t  of t h e  o x i d a t i v e  i n t e r a c t i o n s ,  

t h e  -CH= c ross  l inksbetween t h e  I and I1 p y r r o l  r i n g s  of hemoglobin a r e  

r ep laced  by - C ( O H ) =  with simultaneous ox ida t ion  o f  Fe" t o  Fer". In t h i s  

manner, t h e  hemoglobin changes t o  t h e  green pigment verdoglobin (choleglobin) 

and t h e  methine c ros s  l i n k  i s  removed i n  the  form of C O .  Then t h e  i r o n  

s p l i t s  o f f  t h e  p r o t e i n  p a r t ,  and t h e  t e t r a p y r r o l  system acqu i re s  a l i n e a r  

form and forms b i l i v e r d i n .  The diagram below shows t h e  method of breakdown 

/24-
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The conversion of hemoglobin i n t o  verdoglobin is  ca t a lyzed  by a s p e c i a l  

-enzyme,oxidase, dependent on NADF-H2. The maximum con ten t  o f  t h i s  enzyme 

i s  found i n  t h e  l i v e r  (Nakajima, 1961). 

Proceeding on t h e  b a s i s  t h a t  t h e  average l ifetime of  e ry th rocy te s  i s  

3 months, c a l c u l a t i o n s  were made t o  determine t h e  r a t e  of endogenic formation 

of carbon monoxide. I t  proved t o  be 0 .3  ml/hr ,  and somewhat less than t h e  

a n a l y t i c a l l y  determined va lue  of 0.42 ml/hr ,  (Coburn, Blakemore, and F o r s t e r ,  

1963). These d i f f e r e n c e s  a r e  explained by t h e  f a c t  t h a t  a p o r t i o n  of t h e  

endogenic carbon monoxide i s  formed by t h e  deg rada t ion  of o t h e r  p o r p h y r i t i c  

compounds. Watson (1955) showed t h a t  about 20% of f e c a l  s t e r c o g l o b i n  i s  no t  

of hemoglobinic o r i g i n .  Engstedt (1957) s t a t e s  t h a t  carbon monoxide always 

accompanies t h e  formation of b i l e  pigments r e g a r d l e s s  of t h e  n a t u r e  of t h e  

o r i g i n a l  hemoproteids. Some of t h e s e  o t h e r  hemoproteids which ( l i k e  hemo

globin)  a r e  sources  of t h e  formation of endogenic carbon monoxide a r e  myo

g lob in ,  c a t a l a s e ,  peroxidase,  cytochromes and o t h e r  p o r p h y r i t i c  compounds. 

The process  of e x c r e t i o n  of endogenic carbon monoxide from t h e  

organism i s  d i scussed  i n  t h e  book by V .  M .  Karasik (1965). The carbon mono

x ide  from t h e  r e t i c u l o e n d o t h e l i a l  c e l l s  of t h e  l i v e r  and sp leen  passes  i n t o  

t h e  blood, where it i s  f i x e d  by t h e  hemoglobin and t r a n s p o r t e d  t o  t h e  lungs.  

I n  t h e  lungs,  t h e  carboxyhemoglobin i s  s p l i t  o f f  and t h e  CO i s  excreted with 

t h e  expired a i r .  This  n a t u r a l  process  of removal of endogenic carbon monoxide 

i s  d i s t u r b e d  when t h e  CO concen t r a t ion  i n  t h e  surrounding atmosphere i n c r e a s e s  

Consequently, a s t r i c t  cond i t ion  f o r  t h e  removal of endogenic carbon monoxide 

from t h e  organism i s  t h e  absence o r  s u f f i c i e n t l y  low l e v e l  of CO i n  t h e  

surrounding atmosphere. 

A l i p h a t i c  A m i n e s .  Phenol, Indole,  Skatole  

A l i p h a t i c  amines a r e  formed i n  t h e  cour se  o f  t h e  r e a c t i o n  o f  i n t e r 

mediate metabolism. They a r e  excreted from t h e  organism with t h e  u r i n e ,  

f e c e s ,  and expired a i r .  In  24 hours ,  a man e x c r e t e s  up t o  10 mg n i t rogen  

contained i n  the  v o l a t i l e  amines (Rechenberger, 1940).  Flare than 40 d i f f e r e n t  

amines a r e  excreted wi th  t h e  u r i n e ;  26 o f  them have been i d e n t i f i e d ,  i nc lud ing  

methylamine, dimethylamine, ethylamine, ethanolamine, e t c . ,  (Perry and 
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Schroeder,  1963). A s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  t o t a l  e x c r e t i o n  of 

a l i p h a t i c  amines from t h e  organism i s  made by t h e  processes  of b a c t e r i a l  de

ca rboxy l i za t ion  of t h e  amino a c i d s  i n  t h e  i n t e s t i n e s .  Such amines as 

methylamine, dimethylamine, diethylamine,  propylamine, p u t r e s c i n e ,  cadaverine 

and o t h e r s  have been d e t e c t e d  chromatographically i n  f r e s h  f e c e s  (Rheenen, 

1962). As an example of t h e  endogenic formation of a l i p h a t i c  amines i n  t h e  

process  of metabolism, we can cons ide r  t h e  r e a c t i o n s  r e l a t e d  t o  t h e  formation 

of methylamine. This amine i s  a cons t an t  component of human u r i n e .  From 

1.11-4.40 t o  5.71 mg of :methylamine n i t rogen  a r e  exc re t ed  i n  t h e  d a i l y  

output  o f  human u r i n e  ( Iokhe l ' son ,  1939; Natelson, 1947). The dog e x c r e t e s  

from 0.69-1.09 t o  1 .87 mg of methylamine d a i l y  i n  i t s  u r i n e  (Asa t i an i ,  1953; 

Voynar, 1953). 

Methylamine is  t h e  in t e rmed ia t e  l i n k  i n  t h e  formation of a c t i v e  formate /26-
from methyl groups. The o r i g i n a l  product i s  b e t a i n e ,  formed by t h e  oxida

t i o n  of cho l ine  under t h e  i n f l u e n c e  of t h e  enzyme, cho l ine  dehydroEenase 

( cho l ine :  (acceptor)  ox ido reduc ta se ) ,  Through dimethylglycine,  b e t a i n e  i s  

converted t o  N-methylglycine ( sa rcos ine )  which breaks up i n t o  g lyoxa la t e  and 

methylamine. Methylamine combines with t e t r a h y d r o f o l i c  a c i d  and i s  oxidized 

t o  t h e  formyl group (Ranonort, 1966). The following i s  t h e  diagram of 

t h e  formation and conversion of methylamine: 

4
a c t i v e  formate < - - c:113 - s i r 2  

methylamine 

Another a spec t  o f  metabolism i n  which methylamine i s  formed i s  t h e  

metabolism of a d r e n a l i n .  Under t h e  i n f l u e n c e  of t h e  enzyme orthomethyl 

t r a n s f e r a s e  i n  t h e  presence of ions of manganese and S-adenosylmethionine, 

a d r e n a l i n  i s  converted t o  methanephrine. Under t h e  i n f l u e n c e  o f  monoamino
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oxidase (monoamine: oxygen-oxidoreductase- , (deainat ing))  t h i s  compound i s  

converted t o  3-methoxy-4-oxyamygdalic a c i d  (Berzin,  1964).  Then methyl

amine i s  formed as fo l lows :  

hli 
adrena 1 i n 

A number of a l i p h a t i c  amines 

deca rboxy l i zz t ion  of amino a c i d s .  

i s  accompanied by t h e  formation of 

t i o n  of coenzyme A , ;  propanolamine 

O I I  
methanephrine 

0 1 1  

- --,+ C f L  f .  CfT:Iyf12

\> methylamine
I

CII- COOTI 
I

O J I  
3-metoxy-4-oxyamygdalic 

ac id  

a r e  formed i n  t h e  organism by t h e  i n i t i a l  

Thus, t h e  deca rboxy l i za t ion  of c y s t e i n e  

cysteamine, which e n t e r s  i n t o  t h e  composi

i s  formed i n  t h e  deca rboxy l i za t ion  of  
-/ 27  

t h reon ine ;  agmatine, p u t r e s c i n e  and cadaverine are produced by t h e  decarboxyl i 

z a t i o n  of a r g i n i n e ,  o r n i t h i n e ,  and l y s i n e ,  r e s p e c t i v e l y ,  and a r e  observed i n  

t h e  composition of lysosome; deca rboxy l i za t ion  o f  glutamine i s  accompanied by 

t h e  formation of  y,aminobutyrate, which e n t e r s  i n t o  t h e  composition of b r a i n  

t i s s u e .  Reactions of t h i s  t ype  a r e  ca t a lyzed  by t h e  decarboxylases of  amino 

a c i d s ,  con ta in ing  pyridoxal  phosphate as t h e  coenzyme. Thus, f o r  example, 

t h e  deca rboxy l i za t ion  of  2-arginine i s  ca t a lyzed  by arginine-decarboxylase 

(Z-arginine-c-:rb..Jxylase, 4 .1 .1 .19) ,  t h e  deca rboxy l i za t ion  of o r n i t h i n e ,  by 

o r n i t h i n e  decarboxylase (Z-ornithine-carboxylase, 4 .1 .1 .17 ) ;  t he  decarboxyl i 

z a t i o n  of l y s i n e ,  by l y s i n e  decarboxylase (2- lysine-carboxylase,  4 . 1 . l . 1 8 )  

The amines t h a t  a r e  formed a r e  e i t h e r  excreted from t h e  organism, o r  a c e t y l i z e d ,  

o r  deaminized with t h e  a i d  of monoaminooxidase (monoamines and diamines with 

a carbon chain con ta in ing  more than 6 atoms of carbon) o r  diaminooxidase. 
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The formation of a l i p h a t i c  amines i n  t h e  organs and t i s s u e s  of an organism 

during t h e  deca rboxy l i za t ion  of amino a c i d s  occurs  wi th in  l i m i t e d  bounds. 

In  t h e  lumen of t h e  i n t e s t i n e ,  however, thanks t o  t h e  presence of h i g h l y  

a c t i v e  b a c t e r i a l  decarboxylases,  t h e s e  processes  proceed very i n t e n s i v e l y .  

A number of amines are formedwhich a r e  excreted p r i m a r i l y  wi th  t h e  f e c e s .  

These inc lude  p u t r e s c i n e ,  cadaverine,  isoamylamine (a  product of t h e  decar

boxy l i za t ion  o f  l e u c i n e ) ,  isobutylamine (a  product of t h e  deca rboxy l i za t ion  

of v a l i n e ) ,  and o t h e r  amines. 

Spec ia l  a t t e n t i o n  should b e  given t o  t h e  conversion i n  t h e  i n t e s t i n e  

of such amino a c i d s  as thy roz ine  and t ryptophan.  Under the  in f luence  of 

b a c t e r i a l  enzymes i n  t h e  i n t e s t i n e ,  t hy roz ine  forms phenol,  which i s  

p a r t l y  excreted with t h e  f e c e s  and p a r t l y  absorbed i n t o  t h e  blood, so  t h a t  

i t  subsequently reaches t h e  l i v e r ,  where it undergoes breakdown i n  t h e  

conjugation r e a c t i o n s .  The diagram showing t h e  formation o f  nhenol i s  as 

fol lows:  
COII (:--oIt CI13 

thyrozine phenol 

In  t h e  l i v e r ,  phenol forms conjugate  compounds with s u l f u r i c  o r  g lu 

curonic  a c i d .  The p h e n y l s u l f u r i c  o r  phenylglucuronic  a c i d  formed 

i s  excreted i n  t h e  u r i n e .  A t o t a l  of 80% of a l l  t h e  phenol contained i n  t h e  

organism i s  excreted i n  t h i s  manner (Deichmann, 1944). The remaining phenol 

i s  excreted i n  t h e  u r i n e ,  f e c e s ,  and expired a i r .  The enzymatic mechanism 

of t h e  r e a c t i o n s  of phenol conjugat ion i s  d i scussed  i n  the  paper by R .  

Williams (1965). The formation of phenylglucuronic ac id  occurs  i n  s e v e r a l  

s t a g e s .  The f i r s t  s t a g e  c o n s i s t s  i n  t h e  r e a c t i o n  of glucoso-2-phosphate wi th  / 2 8  

u r i d i n e  t r i phospha te ,  forming u r i d i n e  diphosphate glucose (UDP-glucose). In  

t h e  second s t a g e ,  UDP-glucose i s  oxidized t o  UDP-glucuronic a c i d  under t h e  

in f luence  of t h e  enzyme UDFG-dehydrogenase (UDF-glucose: NAD-oxidoreductase 

1.1.1.22) .  I n  t h e  f i n a l  s t a g e ,  t h e r e  i s  a t r a n s f e r  of t h e  glucuronyl r a d i c a l  

from t h e  UDF-glucuronic a c i d .  This r e a c t i o n  i s  ca t a lyzed  by UDF-glucuronyl 

t r a n s f e r a s e  [UDF-glucuronate-glucuronyl t r a n s f e r a s e  (nonspec i f i c  as t o  
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accep to r )  2.4.1.171, Another type o f  conjugat ion i s  t h e  formation of 

p h e n y l s u l f u r i c  a c i d .  This conjugat ion a l s o  occurs i n  s e v e r a l  s t a g e s .  I n  t h e  

f irst  s t a g e ,  t h e r e  i s  t h e  formation o f  t h e  a c t i v a t e d  form o f  t h e  s u l f a t e .  

Adenyl s u l f a t e  i s  formed by t h e  r e a a c t i o n  o f  adenosine t r i phospha te  (ATP) with 

t h e  s u l f a t e .  This r e a c t i o n  i s  c a t a l z e d  by t h e  enzyme su l f a toadeny ly l  t r a n s 

ferase (ADF: s u l f a t e - a d e n y l y l  t r a n s f e r a s e  2 .7 .7 .5 ) .  I n  t h e  next  s t a g e  t h e  

adenylyl  s u l f a t e  r e a c t s  with a second molecule o f  ATF with t h e  formation o f  

3'-phosphoadenylyl s u l f a t e .  This r e a c t i o n  i s  ca t a lyzed  by t h e  enzyme adenylyl 

s u l f a t e  k inase  (ATF: adenylyl  sulfate-3'phosphotransferase 2.7.1.25) .  In t h e  

f i n a l  s t a g e ,  t h e  s u l f a t e  r a d i c a l  i s  t r a n s f e r r e d  from t h e  3'-phosphoadenylyl 

s u l f a t e  t o  t h e  phenol,  with t h e  formation of p h e n y l s u l f u r i c  a c i d .  This 

r e a c t i o n  i s  promoted by t h e  enzyme a r y l - s u l f o t r a n s f e r a s e  (3 '  -phosphoadenylyl 

s u l f a t e :  p h e n o l s u l f o t r a n s f e r a s e  2 . 8 . 2 . 1 . ) .  

Despi te  t h e  i n t e n s i v e l y  proceeding conjugat ion r e a c t i o n , f r e e  phenol i s  

always p re sen t  i n  t h e  t i s s u e s  and blood. Thus, i n  t h e  r a b b i t  b r a i n  t h e  

phenol con ten t  i s  0.89 and i n  t h e  l i v e r ,  0.65 mg% (Asa t i an i ,  1953). I n  t h e  

body of  t h e  r a t ,  173 mg of phenol have been found (Deichmann and Oesper, 

1940),  while  t h e  phenol content  i n  human blood v a r i e s  from 16-42 (Teis inger  

e t  a l . ,  1959) t o  40-100 mg% (Gorzheyshi, 1967). The d a t a  on t h e  content  of 

f r e e  phenol i n  t h e  human u r i n e  and i n  t h a t  of experimental  animals a r e  given 

i n  Table 5 .  

T A B L E  5 .  F R E E  PHENOL CONTENT I N  H U M A N  AND A N I M A L  U R I N E  

.- - ___-. - .-
Phenol, 

I 
mg/day

-_ ... - - .  . .- . ... -. . . I Source 

etMan . . . . . . . 4.'1,9 TJXY~;I Ai . .  19:s 
0 . . . . . . . . 9,ss--10,48 Schmidt,  lOi9 
D 1 . . . . . . . 5-10 I'ortcuu,<, I V j I l i a i n ~  IFI ;n 
)) . . . . . . . . 8 , 2  T e i s i n g e r  et a l . ,  1953 
6 . . . . . . . . 33,6 A s a t i a n i ,  1964 
u . . . . . . . . 0,3-- n,/c Gorzheyshi, 1967 

Rabbi t . . . . . . . 9 , i - 1 2 , 7  mg/l Portc I I I G ,  \\.illiainq, !Din 

Commas i n d i c a t e  decimal p o i n t s .  
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Indole i s  formed i n  t h e  i n t e s t i n e s  as a r e s u l t  o f ' t h e  conversion of t h e  / 2 9-
amino a c i d ,  tryptophan. Under t h e  in f luence  of i n t e s t i n a l  b a c t e r i a ,  t h i s  

amino a c i d  can b e  broken down by means of t h e  t ryptophanase r e a c t i o n  

(Meister ,  1961). Tryptophan i s  converted t o  indo le ,  L ibe ra t ing  pyruvic  a c i d  

and ammonia: . 

tryptophan indole 

This r e a c t i o n  i s  ca t a lyzed  by an enzyme excreted by E. coZi and con ta in ing  

pyridoxal  phosphate as a coenzyme. Indole  i s  p a r t i a l l y  exc re t ed  with t h e  

s o l i d  f e c e s ,  g iv ing  t h e  l a t t e r  t h e i r  unp leasan t ,  s p e c i f i c  odor, and i s  

p a r t i a l l y  absorbed i n  t h e  blood, reaching t h e  l i v e r  where it i s  oxidized t o  

indoxyl : 

indole indoxyl 

Indoxyl e n t e r s  i n t o  t h e  con juga t ion  r e a c t i o n  with s u l f u r i c  o r  glucuronic  

ac id  and i s  excreted from t h e  organism i n  t h e  u r i n e .  The potassium s a l t  of 

i ndoxy l - su l fu r i c  a c i d  has r ece ived  t h e  name o f  i nd ican :  

ind i can 

The d a i l y  u r i n e  ou tpu t  of an a d u l t  man con ta ins  from 1-38 mg (Pushkina, 

1963) t o  40-150 mg of i nd ican  (Gorzheyshi, 1967). In  human blood,  t h e  

ind ican  l e v e l  i s  51 ? 29 vg% (Pushkina, 1963). According t o  o t h e r  d a t a  

t h e  ind ican  l e v e l  i n  t h e  blood v a r i e s  from 0.03 t o  0.16 mg% (Todorov, 1960). 

The b a c t e r i a l  decomposition of tryptophan i n  t h e  i n t e s t i n e  i s  accompanied 

by t h e  formation no t  only of i n d o l e ,  b u t  a l s o  of a number of o t h e r  p roduc t s .  

In  p a r t i c u l a r ,  t h e  deamination of t ryptophan and t h e  p a r t i a l  breakdown of t h e  
s i d e  cha in  i s  accompanied by t h e  formation o f  i n d o l e  proFionate ,  i ndo le  a c e t a t e ,  

and methyl i n d o l e ,  o r  s k a t o l e :  
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S k a t o l e ,  l i k e  i n d o l e ,  i s  p a r t l y  excreted w i t h ' t h e  f eces  and F a r t l y  absorbed i n  

t h e  blood, whence it passes  t o  t h e  l i v e r .  I t  i s  oxidized t h e r e  t o  ska toxy l  /30 
and e n t e r s  i n t o  t h e  r e a c t i o n  of s u l f a t e  conjugat ion.  This  r e s u l t s  i n  t h e  

formation of s k a t o x y l - s u l f u r i c  a c i d ,  which i s  excreted from t h e  organism i n  

t h e  u r i n e :  

a c i d  

-~~~~-Alcohols and Organ-ic- & i d s .  

A number of  au tho r s  have noted t h a t  c e r t a i n  amounts of e t h y l  a lcohol  

are observed i n  t h e  f l u i d s  and t i s s u e s  of h e a l t h y  i n d i v i d u a l s  who have had no 

con tac t  with t h i s  substance (Harger and Forey, 1963; Ward and Smith, 1965). 

These amounts a r e  ve ry  small. According t o  L e s t e r ' s  d a t a  (1961)) t h e  ethanol  

l e v e l  i n  t h e  blood i s  1 . 5  m l / l  a t  most. Euecher and Redetzki (1951) s t a t e  

t h a t  t h e  e t h y l  a l coho l  con ten t  i n  t h e  human blood and organs does n o t  exceed 

0 . 2  mg%. S p e c i a l  s t u d i e s  us ing  t h e  chromatographic method have shown t h a t  

t h e  blood of h e a l t h y  i n d i v i d u a l s  who do no t  u s e  a l coho l  has an e t h y l  a lcohol  

content  of l e s s  t han  0 . 1  mg% (Walker and Curry, 1966). 

Composite d a t a  on t h e  e t h y l  a lcohol  con ten t  ( i n  mg%) i n  t h e  blood of 

i n d i v i d u a l s  who do n o t  u s e  a l coho l  are given i n  t h e  fol lowing:  0.0-0.027 

(Harger and J o s s ,  1935); 0.2 (Buecher and Redetzki,  1951); 0 .15 (Redetzki and 

Johannesmeier, 1956); 0.035-0.26 (Lundquist and Wolthers, 1958); 0.0-0.15 

(Les t e r ,  1962); 0.0002-0.234 (Eriksen and J u l k a m i ,  1963); 0 . 1  (Walker and 

Curry, 1966). 

Several  authors  have obtained s t i l l  h i g h e r  f i g u r e s  f o r  t h e  e t h y l  

a lcohol  content  i n  t h e  blood of i n d i v i d u a l s  who d i d  no t  u s e  a l coho l .  Thus, 

McManus, Contay and Olson (1966) r epor t ed  t h a t  t h e  content  of normal e thanol  

i n  t h e  human blood i s  0.47-1.6 mg%. Certhoux and Ramet (1962) s t a t e  t h a t  
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when t r a n q u i l i z e r s  are given,  t h e  ethanol  content  of p a t i e n t s '  blood reaches 

60-100 mg%. Le Breton (1962), who performed similar s t u d i e s ,  observed t h a t  

of 25 s u b j e c t s  who r ece ived  t r a n q u i l i z e r s  f o r  a long pe r iod  of t i m e ,  9 showed 

no e thano l  i n  t h e  blood while  t h e  f i g u r e  d i d  no t  exceed 10 mg% f o r  t h e  

o t h e r s .  Breazeale (1965) found ethanol  i n  t h e  amount of 193 mg% i n  t h e  blood 

of an accident  v i c t i m  who d i d  not  u s e  alcohol .  These d a t a  ag ree  with t h e  

old s t u d i e s  by Leake, Swim and McCowlay (1940), who found t h a t  i n  r a b b i t s  

with asphyxia t h e  ethanol  con ten t  i n  t h e  blood inc reased  t o  150 mg%. How

eve r ,  a c r i t i c a l  a n a l y s i s  of t h e  s t u d i e s  on t h e  e thano l  content  i n  t h e  blood 

t h a t  gave high f i g u r e s ,  conducted by Harger (1966) and Harger and Forney 

(1967) provides no b a s i s  f o r  cons ide r ing  them r e l i a b l e .  

The overwhelming m a j o r i t y  of t h e  s t u d i e s  i n  v a r i o u s  years  and us ing  /31 
d i f f e r e n t  methods have given f i g u r e s  on approximately t h e  same l e v e l ,  no 

more than  0.26 mg%. 

The endogenic e thanol  p re sen t  i n  t h e  blood i s  excreted i n  t h e  u r i n e  

and expired a i r .  A r e l a t i o n s h i p  has been shown t o  e x i s t  between t h e  l e v e l s  

of e t h y l  a lcohol  i n  t h e  blood and i n  t h e  expired a i r .  I n  hea l thy  i n d i v i d u a l s  

who do no t  u s e  a l coho l ,  t h e  ethanol  content  i n  t h e  expired a i r  i s  0-2 mg/l 

(Freund and O'Hollaren, 1965). The f i g u r e s  given by o t h e r  au tho r s  a l s o  f i t  

i n t o  t h i s  range of concen t r a t ion .  Thus, Eriksen and Kulkarni (1963) found 

t h a t  t h e  content  of endogenic e thanol  i n  t h e  expired a i r  of human s u b j e c t s  

v a r i e s  from 0.011 t o  1.11 mg/l. S imi l a r  d a t a  a r e  found i n  t h e  l i t e r a t u r e  

f o r  methyl a l coho l .  The presence of methyl a lcohol  i n  t h e  blood of h e a l t h y  

i n d i v i d u a l s  who had had no con tac t  with it was noted by Western and Osborn 

(1949). Harger and Forney (1967) mention t h e  presence of methanol i n  t h e  

blood of i n d i v i d u a l s  i n  concen t r a t ions  of 0.13-0.103 mg%. 

The methanol concen t r a t ion  i n  expired a i r  amounts t o  0.06-0.49 mg% 

(Eriksen and Kulkarni,  1963). Leaf and Zatman (1952) s t a t e  t h a t  due t o  t h e  

e x c r e t i o n  of endogenic methanol from t h e  organism, i t s  content  i n  human 

u r i n e  i s  0 .3  mg%. Eriksen and Kulkarni (1963), e v a l u a t i n g  t h e  problem of 

t h e  p o s s i b l e  sources  of t h e  formation of e thanol  and methanol i n  t h e  organism 

of h e a l t h y  non-drinkers ,  f i n d  t h a t  t h e s e  must i nc lude  t h e  u s e  of f r u i t s  

con ta in ing  p e c t i n ,  smoking; and t h e  a c t i v i t y  of i n t e s t i n a l  b a c t e r i a .  
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Traces of methanol have been found in such fruits and vegetables.as 


apples, oranges, carrots and celery (Western and Ozburn, 1949), while methyl 


alcohol may be formed in the enzymatic conversions in the intestines due to 


the metoxyl groups of pectin (Harger and Forney, 1967). It is also possible 


for methanol to be formed in the organism in other ways. In 1965, Axelrod 


and Daly reported that the pituitary glands of certain animals contain an 


enzyme whish converts S-adenosyl methionine to methanol and S-adenosyl 


homocysteine. It is known that adenosy1,methionineserves as the source of 


methyl groups, especially in the methylation of noradrenaline, ethanolamine, 


carnosine, and nicotinamide. In the case supporting the data of Axelrod and 


Daly, this source of methanol formation can be the determining level of methyl 


alcohol in the blood and expired air. 


Bacteria and yeasts both contain the enzyme pyruvatodecarboxylase 


(carboxyliase 2-oxacid 4.1.1.1) which promotes the formation of acetaldehyde 


in the decarboxylization of pyruvic acid. Under the influence of reverse-


acting alcohol dehydrogenase (alcohol: NADP-oxidoreductase 1.1.1.2) the 


acetaldehyde is reduced to methyl al.coho1: 


The possibility of the formation of ethanol i n  the intestines was pointed /32-
out by Lundquist and Wolthers (1958), who suggested replacement of the term 


"endogenic ethanol" by the more precise term "enterogenic ethanol. 


In human tissues, the conversion of pyruvic acid is accomplished by 

aerobic decarboxylization with participation of the enzyme system, pyruvatoxy

dase. This enzyme system evidently includes several individual enzymes 
(Shcheklik, 1926). The first stage of the conversion of pyruvic acid is 
catalyzed by pyruvatodehydrogenase (pyruvate: lipoate-oxidoreductase, 
1.2.4.2). The pyruvic acid, reacting with oxidized lipothiamide, forms 
6-S-acetylhydrolipoate. CO2 is liberated in the process. Then the 6-S-acetyl
hydrolipothiamide reacts with coenzyme A. This reaction is catalyzed by 
l ipoate-acetyl-transferase (acetyl CoA: dihydrolipoate-S-acetyltransferase 

32 




2.3.1.12).  Acetyl coenzyme A and dihydrol ipothiamide are formed as a r e s u l t  

of t h e  r e a c t i o n .  Then a c e t y l  coenzyme A e n t e r s  i n t o  t h e  r e a c t i o n  of t h e  

Krebs c i t r i c  ac id  cyc le ,  wh i l e  t h e  dihydrol ipothiamide reacts with NAD. 

This  r e s u l t s  i n  t h e  formation o f  oxidized l ipothiamide and NAD-H 2 '  This  

r e a c t i o n  i s  ca t a lyzed  by l ipoamide dehydrogenase (reduced NAD-lipoamide

oxidoreductase 1 .6 .4 .3 ) .  Thus, t h e  ox id iz ing  deca rboxy l i za t ion  of pyruvic  

a c i d  i n  animal t i s s u e s  forms a c t i v e  a c e t y l ,  and e thano l  i s  no t  formed. Con

sequen t ly ,  t h e  p r i n c i p a l  sou rce  of  "endogenic" e thano l  i s  t h e  b a c t e r i a l  pro

ces ses  i n  t h e i n t e s t i n e s  and t h e  exogenic i n t a k e  of t h i s  poison. 

Human blood and t i s s u e s  con ta in  an extremely l a r g e  amount of d i f f e r e n t  

organic  a c i d s .  These inc lude :  formic a c i d ,  a c e t i c  ac id ,  c i t r i c  a c i d ,  

i s o c i t r i c  a c i d ,  o x a l a c e t i c  a c i d ,  a - k e t o g l u t a r i c  a c i d ,  s u c c i n i c  a c i d ,  fumaric 

a c i d ,  pyruvic a c i d ,  l a c t i c  a c i d ,  f a t t y  a c i d s ,  a c e t o a c e t i c  a c i d ,  6-oxybutyric 

a c i d ,  and o t h e r s .  

The blood of an a d u l t  i n d i v i d u a l  con ta ins  8-14 mg% of l a c t i c  a c i d ,  

0 .5 -1 .0  (0.75) mg% of  pyruvic  a c i d ,  80-100 mg% of c i t r i c  a c i d ,  and 80-100 mg% 

of a - k e t o g l u t a r i c  a c i d .  The f a t t y  a c i d  content  i s  275 mg% (250-300 mg%). 

O f  t h i s  amount, about 18% c o n s i s t s  of s t e a r i c  a c i d ,  about 10% i s  p a l m i t i c  

a c i d ,  about 20% i s  o l e i c  a c i d  and 6% i s  l i n o l e i c  a c i d .  The h ighe r  s a t u r a t e d  

a c i d s  amount t o  about 3 % .  Unsaturated C z 0  a c i d s  amount t o  about 3 3 % ,  while  

unsa tu ra t ed  C 22  a c i d s  make un 10% (Todorov, 1960).  Organic ac ids  e n t e r  t h e  

organism with f o o d s t u f f s ,  a r e  formed i n  t h e  course o f  r e a c t i o n s  of i n t e rmed ia t e  

metabolism, o r  are syn thes i zed  by i n t e s t i n a l  b a c t e r i a .  They a r e  converted i n  /33 

t h e  organism, and a r e  oxidized t o  CO2 and H 2 0 .  C e r t a i n  amounts are excreted 

i n t o  t h e  surrounding medium with t h e  expired a i r ,  p e r s p i r a t i o n ,  u r i n e  and 

f e c e s 2 .  For  t h e  sake of an example, l e t  u s  examine t h e  formation of formic 

ac id .  This  ac id  i s  an in t e rmed ia t e  product of t h e  metabolism of g lyc ine .  In  

t h e  l i v e r ,  g lyc ine  i s  converted t o  g lyoxy l i c  a c i d ,  which i s  changed t o  formic 

a c i d .  The formic a c i d  i s  oxidized by endogenic hydrogen peroxide due t o  t h e  

pe rox idas i c  a c t i o n  of  c a t a l a s e  (hydrogen peroxide,  hydrogen peroxide--oxido-

See t h e  corresponding s e c t i o n s  (Chapters 4, 5 and 6 ) .  
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r e d u c t a s e  1.11.1.5) t o  C 0 2  and H20.  A p a r t  o f  it i s  exc re t ed  from t h e  

organism i n  unchanged form. The diagram of t h e  conversion of formic a c i d  

according t o  A.  Meister (1961) i s  given below: 

C�ICOOH 
I /  + '/aOz-> HCOO IT +CO. 
0

glyoxyl i c  formic 
ac id  ac id  

�IC001I+ & O p  C 0 2-:1 I Is0 

Formic a c i d  i s  a l s o  formed i n  t h e  i n t e s t i n e s .  Experiments with E. coZi have 

shown t h a t  one pathway f o r  t h e  conversion of pyruvic  a c i d  among t h e s e  b a c t e r i a  

i s  i t s  r e a c t i o n  with phosphate.  This forms a c e t y l  phosphate and formic a c i d  

(Shtraub, 1965). 

CtI3 CH3 
I I c==o + II;PoJ-t c-0 + I ICOOII  
Idoor1 \ 

O-PO3 �1 

Formic ac id  i s  p a r t i a l l y  exc re t ed  with t h e  f eces  from t h e  i n t e s t i n e ,  

and p a r t i a l l y  absorbed i n t o  t h e  blood, whence it e n t e r s  i n t o  r e a c t i o n s  of 

i n t e rmed ia t e  metabolism o r  i s  excreted i n  t h e  u r i n e ,  p e r s p i r a t i o n  and expired 

a i r .  The formic a c i d  con ten t  i n  human blood reaches 0 . 4  mg% (Stepp and 

Zumbusch, 1920), while  i t s  content  i n  t h e  d a i l y  u r i n e  output  v a r i e s  from 

15 t o  18 mg (Kirkhgov, 1937). Altman and D i t t m e r  (1964) p re sen t  d a t a  i n d i 

c a t i n g  t h a t  t h e  formic a c i d  con ten t  i n  t h e  u r i n e  i s  0 . 8  (0.4-2.0) mg f o r  each 

kilogram o f  weight.  These same d a t a  a r e  given i n  S p e c t o r ' s  handbook (1956). 
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CHAPTER I11 

EFFECT OF C E R T A I N  ENVIRONMENTAL FACTORS ON THE FORMATION 
OF GASEOUS METABOLIC PRODUCTS I N  THE ORGANISM 

The exc re t ion  from t h e  organism of t h e  f i n a l  p roducts  o f  v i t a l  a c t i v i t y  /34 
i s  s u b j e c t  t o  c e r t a i n  v a r i a t i o n s  and depends on t h e  i n f l u e n c e  o f  a number of 

f a c t o r s  i n  t h e  environment. I n  t h i s  chap te r ,  a number o f  examples w i l l  be 

used t o  i l l u s t r a t e  t h e  e f fec t  o f  t h e  e a t i n g  schedule ,  i o n i z i n g  r a d i a t i o n ,  

phys i ca l  stress, hypoxia,  hyperoxia and s e v e r a l  o t h e r  f a c t o r s  on t h e  i n t e n s i t y  

of  t h e  formation and exc re t ion  from t h e  organism of " t race"  metabol ic  

products .  

Acetone 

Schedule and Form of  Nourishment. I t  i s  known t h a t  t h e  ace tone  conten t  

of t h e  u r i n e  inc reases  dur ing  f a s t i n g  o r  when t h e  amount of carbohydrate  i n  

t h e  d i e t  i s  l i m i t e d  (Ferdman, 1966) .  Spec ia l  s t u d i e s  of  human s u b j e c t s  have 

shown t h a t  f a s t i n g  causes a s i g n i f i c a n t  i n c r e a s e  i n  t h e  concent ra t ion  of 

ace tone  i n  t h e  expi red  a i r .  Thus, i n  t h e  case  o f  f a s t i n g  f o r  24 hours3  t h e  

acetone concent ra t ion  i n  t h e  expi red  a i r  inc reased  from 0 . 9 7  t 0 . 0 7  t o  16 .4  

p g / l i t e r .  A f t e r  f a s t i n g  f o r  48 hours ,  t h e  ace tone  concen t r a t ion  i n  t h e  ex

p i r e d  a i r  rose  t o  32.6 p g / l i t e r .  A t  t h e  same t ime,  t h e  acetone l e v e l  i n  t h e  

u r i n e  rose  from 0 . 8  t 0 . 2  t o  190 p g / l i t e r  (Levey, Balchum, Medrano and Hung, 

1964).  This increased  ace tone  exc re t ion  from t h e  organism i s  uns t ab le .  Two 

hours  a f t e r  t ak ing  food, t h e  acetone concen t r a t ion  i n  t h e  expi red  a i r  f a l l s  t o  

6.80 u g / l i t e r  and r e t u r n s  t o  normal (0 .85 u g / l i t e r )  i n  t h e  days t h a t  fo l low.  

Increased  acetone exc re t ion  i s  observed n o t  on ly  i n  complete f a s t i n g ,  b u t  i n  

p a r t i a l  f a s t i n g  as we l l .  Comparative s t u d i e s  show t h a t  ketonemia and ketonuria  

are p resen t  t o  a l a r g e r  degree i n  persons who have a c a l o r i c  i n t a k e  of  1,000 

c a l o r i e s  t han  i n  i n d i v i d u a l s  who have ea t en  2,000 c a l o r i e s  (Sargent ,  Johnson, 

Robbins, and Sawyer, 1958).  What s o r t  o f  mechanism increases ace tone  output  

/ 3 5by t h e  organism dur ing  f a s t i n g ?  This  ques t ion  was s tud ied  i n  d e t a i l  i n  t h e  

_ _ - ~ 

The d r ink ing  o f  water  was not  l i m i t e d .  

35 



I I 11111111111111I IllI I I1 I I1 I I I1 


work of F o r s t e r  (1967). During f a s t i n g ,  t h e  s t o r e s  of carbohydrates  i n  t h e  

organism are used up r a p i d l y .  Thus, t h e  glycogen con ten t  i n  ra t  l i v e r  f a l l s  
from 42.1 ? 7.5 t o  6.8 t 1 .9  mg/g o f  body weight a f t e r  f a s t i n g  f o r  1 2  hours .  

The p r i n c i p a l  energy source  i s  t h e  process  o f  f a t  ox ida t ion .  The ox ida t ion  

of f a t t y  a c i d s  l eads  t o  an i n c r e a s e  i n  t h e  amount of a c e t y l  coenzyme A i n  t h e  

organism. A l ack  of carbohydrates  causes  a h a l t  i n  t h e  formation o f  oxidized 

NADP i n  t h e  glucose monophosphate shun t ,  r e q u i r e d  f o r  r e s y n t h e s i s  of f a t t y  

a c i d s .  A h a l t  i n  t h e  r e s y n t h e s i s  o f  f a t t y  a c i d s  i n  t u r n  promotes t h e  

accumulation of a c e t y l  coenzyme A. Thus, a f t e r  24 hours of f a s t i n g ,  t h e  

content  of a c e t y l  coenzyme A i n  t h e  l i v e r  i n c r e a s e s  from 34.4 t 2.8 t o  

70.5 k 4.9 uM/g. Condensation of t h e  accumulated a c e t y l  coenzyme A l eads  

t o  t h e  formation o f  a c e t o a c e t y l  coenzyme A and then  a c e t o a c e t i c  a c i d .  Af t e r  

f a s t i n g  f o r  24 hours ,  t h e  a c e t o a c e t i c  a c i d  con ten t  i n  t h e  blood i n c r e a s e s  

from 1 . 3  k 0 . 3  t o  4 .4  rt 0 .7 ;  a f t e r  48 hours of f a s t i n g  it  reaches 8 . 3  f 1 . 4  mg% 

( F o r s t e r ,  1967). Decarboxyl izat ion of a c e t o a c e t i c  a c i d  l eads  t o  excess f o r 

mation of acetone which i s  exc re t ed  with t h e  u r i n e  and exp i r ed  a i r . .  

Analogous phenomena a r e  produced by i n c o r r e c t  r a t i o s  of carbohydrates 

and f a t s  i n  t h e  d i e t .  I n s u f f i c i e n c y  of carbohydrates  i n  t h e  d i e t  l eads  t o  

increased e x c r e t i o n  of acetone such as i s  observed i n  f a s t i n g  (Azar and 

Bloom, 1963). A sho r t age  of f a t  i n  t h e  d i e t ,  however, causes  an i n c r e a s e  i n  

ketonemia and ke tonur i a  (Passmore, 1961). When l i v i n g  on a f a t - r i c h  d i e t ,  a 

man e x c r e t e s  185.3 mg of k e t o n i c  bodies  i n  t h e  u r i n e  through conversion t o  

acetone.  A t  t h e  same t ime,  an excess of carbohydrates  i n  t h e  d i e t  causes  a 

drop i n  t h e  e x c r e t i o n  of ke ton ic  bodies  wi th  t h e  u r i n e  t o  56.0 mg. With a 

mixed d i e t ,  t h e  e x c r e t i o n  of ke ton ic  bodies  with t h e  u r i n e  i n  man i s  72.3 mg 

(Oppel' and Rayko, 1940). Highly demonstrat ive experiments were conducted 

by Freund and Weinsier (1966) with cocoa b u t t e r  e x t r a c t ,  con ta in ing  f a t t y  

a c i d s  with a carbon cha in  of  8,  10 o r  1 2  carbon atoms ( t r i g l y c e r i d e ) .  They 

found t h a t  i n j e c t i o n  of  30 ml of t r i g l y c e r i d e  i n t o  h e a l t h y  s u b j e c t s  produced 

a sharp i n c r e a s e  i n  t h e  acetone con ten t  of t h e  expired a i r .  The maximum was 

recorded a f t e r  6 hours ,  when t h e  acetone concen t r a t ion  reached 1 0  y / 1  i n  t h e  

expired a i r .  Inc reas ing  t h e  dose of t r i g l y c e r i d e  t o  100 m l  i nc reased  t h e  

acetone content  i n  t h e  a i r  t o  26 y / l .  Normalization occurred 18 hours a f t e r  
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i n t a k e  o f  f a t .  Addition of saccharose t o  t h e  t r i g l y c e r i d e  reduced t h e  keto

genic  effect .  T h e - q u a l i t a t i v e  composition of t h e  f a t  i s  important f o r  ace

tone formation (Schoen, Lippach and Gelpke, 1959). Acetoacet ic  a c i d ,  in 
v i t r o ,  i s  formed more e a s i l y  i n  t h e  mitochondria of t h e  l i v e r  from f a t t y  ac ids  

with a s h o r t  C6 - Cl0 cha in  than  from f a t t y  a c i d s  wi th  a long C16 - C18 cha in  

(Kennedy and Lehninger, 1950). The ketogenic  e f f e c t  of f a t  i s  r e t a i n e d  even 

i n  adrenalectomized and hypophysectomized animals (Mayes, 1962).  The c l o s e  /36 
r e l a t i o n s h i p  of ketogenesis  t o  l i p o - and glucogenesis  (Wieland, 1967) re

q u i r e s  a c c u r a t e  balancing o f  t h e  food r a t i o n .  

.- ~.I o n i z i n g  R a d i a t i o n .  According t o  t h e  d a t a  i n  t h e  l i t e r a t u r e  t h e  forma

t i o n  of k e t o n i c  bodies under t h e  i n f l u e n c e  of X-rays i s  inc reased  i n  t h e  

t e rmina l  s t a g e s  of r a d i a t i o n  s i ckness  i n  wh i t e  ra ts  and r a b b i t s  (Ivanov, 

Zhulanova and Romantsev, 1954; Romantsev, 1956). A t  t h e  same t ime,  0. V .  

Popov, V.  I .  Nesterov and G .  G .  Ivanenko (1958), who used dogs, d id  not  

observe any s i g n i f i c a n t  changes i n  t h e  l e v e l  of k e t o n i c  bodies  i n  t h e  blood 

fol lowing i r r a d i a t i o n .  I n  view of t h e  e x i s t e n c e  of c o n t r a d i c t o r y  d a t a ,  we 

conducted j o i n t  experiments with L .  A. Linyucheva (1968) inc lud ing  a s p e c i a l  

s tudy t o  dea l  with t h e  ques t ion  of how X-rays a f f e c t  t h e  l e v e l s  of acetone,  

a c e t o a c e t i c  and 8-hydroxybutyric a c i d  i n  t h e  blood and u r i n e  of  white r a t s .  

The s t u d i e s  were conducted us ing  male white ra ts  weighing 180-200 grams. The 

animals were exposed t o  X-rays i n  a RUM-3 machine. The i r r a d i a t i o n  condi

t i o n s  were as  fol lows:  Voltage = 180 kV, c u r r e n t  = 20 mA, f i l t e r s  = aluminum 

(1.0 mm) and copper (0.5 mm);  t h e  d i s t a n c e  from s k i n  t o  focus was 60 cm; 

t o t a l  dose = 700 r; dose i n t e n s i t y  = 45.4 r/min. A t  va r ious  i n t e r v a l s  

following i r r a d i a t i o n ,  t h e  amounts of acetone,  a c e t o a c e t i c  and 8-hydroxy

b u t y r i c  a c i d  i n  t h e  blood and u r i n e  of t h e  white rats were measured. The 

blood t e s t s  were made a f t e r  3 hours and a f t e r  6 days,  while  t h e  u r i n e  was 

analyzed 24 hours and 5 days a f t e r  i r r a d i a t i o n .  The t e s t  r e s u l t s  a r e  shown 

i n  Table 6 .  
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T A B L E  6. EFFECT OF X-RAYS (700 r )  O N  THE CONTENT OF A C E T O N E ,  A C E T O A C E T I C  A N D  
B - O X Y B U T Y R I C  A C I D  I N  THE U R I N E  AND BLOOD OF WHITE RATS. 

Substance Before Af t e r  Af t e r  

. . _ _  
i r r a d i a t i o n  3 hours.L- . - . 

6 days 

Acetone and ace-
t o a c e t i c  a c i d ,  
mg% 1.20 t 0.03 1.32 t 0.03 1.36 
6-hyd roxybuty-
r i c  a c i d ,  mg% 0.71 f 0.3 10.05 f 0.17 10.43 t 0.26 

- - _____ _ _ - . _ _  .-

S u b s  t ance Before After  
I 

i r r a d i a t i o n  24 hours 
~.-~ 

Acetone and ace-
t o a c e t i c  a c i d ,  
mg% 2.10 Itr 0.08 2.05 t 0.08 c 4 .31  t 0.14 
6-hyd roxybu t y -
r i c  a c i d ,  mg% 8.53 f 0.7 29.47 f 2.19 - 39.62 t 2.01 

0.003 

-
_ _  

. -. .  . .  

-P 

<0.001 

<o .001 

A s  i n d i c a t e d  by t h e  Table,  t h e  blood of wh i t e  ra t s  shows a small bu t  

s t a t i s t i c a l l y  r e l i a b l e  i n c r e a s e  i n  t h e  con ten t  of acetone and a c e t o a c e t i c  

a c i d  even du r ing  t h e  f irst  hours fol lowing i r r a d i a t i o n ;  t h i s  cond i t ion  pe r 

s i s t s  during t h e  days which fol low.  On t h e  5 t h  day fol lowing i r r a d i a t i o n ,  

t h e  u r i n e  of white r a t s  shows a sha rp  i n c r e a s e  i n  t h e  content  of acetone,  

a c e t o a c e t i c  a c i d  and B-hydroxybutyric a c i d .  These r e s u l t s  can be explained 

by t h e  s t u d i e s  of Dubois, Cohran and Doll (1957) who showed t h a t  i r r a d i a t i o n  

r e t a r d s  t h e  ox ida t ion  of carbohydrates i n  t h e  Krebs c i t r i c  a c i d  c y c l e .  This 

l eads  t o  an i n c r e a s e  i n  t h e  con ten t  of a c e t y l  coenzyme A i n  t h e  i r r a d i a t e d  

organism (Kuzin, 1962). The i n c r e a s e  i n  t h e  l e v e l  of a c e t y l  coenzyme A is 

promoted by p a r t i a l  f a s t i n g ,  c h a r a c t e r i s t i c  of  r a d i a t i o n  s i c k n e s s .  An excess 

of a c e t y l  coenzyme A w i l l  produce inc reased  formation of k e t o n i c  bod ies ,  as 

i n d i c a t e d  i n  t h e  preceding s e c t i o n .  In a d d i t i o n ,  i t  must b e  kept  i n  mind 

t h a t  during t h e  development of r a d i a t i o n  s i ckness  t h e  d i s r u p t i o n  of hormonal 

r e g u l a t i o n  has a d e f i n i t e  e f f e c t  on t h e  process  of ke togenes i s .  I t  i s  known 

t h a t  i n j e c t i o n  of  c o r t i s o n e  i n t o  animals raises t h e  l e v e l  of ke ton ic  bodies 

-/ 37  
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(Vakaki and Yasuo, 1963).  In  r a d i a t i o n  s i c k n e s s ,  hyperfunct ion of t h e  

adrenal  c o r t e x  i s  noted q u i t e  soon a f t e r  i r r a d i a t i o n ,  and i s  accompanied by 

a r i se  i n  t h e  c o r t i c o i d  con ten t  i n  t h e  blood (Van Couwenberge, F i sche r ,  

Vliers and Bacq, 1957). This  f a c t  obviously a l s o  p l ays  a s p e c i f i c  r o l e  i n  

t h e  development of acetonemia and ace tonur i a  i n  wh i t e  ra t s  following 

i r r a d i a t i o n  by X-rays. 

Other Fac to r s .- There a r e  a g r e a t  many f a c t o r s  t h a t  e x e r t  an in f luence-

on t h e  development of k e t o s i s .  They inc lude  d i s e a s e s  o r  func t iona l  impair

ments of t h e  a c t i v i t y  of  t h e  g a s t r o i n t e s t i n a l  t r a c t  ( c o n s t i p a t i o n ,  f o r  

example), d i s tu rbance  of t h e  metabolism of f a t s  and carbohydrates ,  e t c .  The 

i n t e n s i t y  of acetone e x c r e t i o n  depends on sex  and age.  Hormones have a 

c e r t a i n  e f f e c t  on t h i s  process .  I n s u l i n  has an a n t i k e t o g e n i c  e f f e c t ,  whi le  

t h e  growth hormone from t h e  p i t u i t a r y  i n c r e a s e s  ketogenesis  (Passmore, 1961).  

Along with t h e  hormonal e f f e c t s ,  t h e r e  i s  a l s o  t h e  problem of t h e  r e l a t i o n 

s h i p  between s t r e s s  and ketogenesis  (Sargent and Consolazio,  1951). Tempera

t u r e  i n c r e a s e  reduces ketonemia and ke tonur i a  (Sargent ,  Johnson, Robbins 

and Sawyer, 1958). 

Water balance i n  t h e  organism has a c e r t a i n  amount of s i g n i f i c a n c e  

f o r  t h e  formation and e x c r e t i o n  of k e t o n i c  bodies  (Passmore and Johnson, 

1958). 

The water balance i n  t h e  organism i s  important t o  some degree f o r  t h e  

formation and e x c r e t i o n  of ke ton ic  bodies i n  t h e  organism (Chetverikova, 

1962, 1962a). I t  has been found t h a t  under cond i t ions  of s eve re  hypoxia t h e  

content  of ke ton ic  bodies  i n  t h e  l i v e r  i n c r e a s e s  by a f a c t o r  of 2.6 (Chetver i 

kova and Petukhova, 1962). I n  t h i s  r ega rd ,  a c e r t a i n  amount of i n t e r e s t  has 

been a t t r a c t e d  by t h e  s ta tement  found i n  t h e  paper by V. S .  Asa t i an i  (1964). /38-
The content  of a c e t o a c e t i c  a c i d  i n  micrograms/100 m l  of u r i n e  was 60-110 i n  

men and 85-95 i n  women. Af t e r  a 25-day s o j u r n  a t  an a l t i t u d e  of 1,200 m ,  t h e  

content  of a c e t o a c e t i c  a c i d  inc reased  i n  men t o  90-145 and i n  women t o  

110-120 pg%. 
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Ammon i a--

Ionizing Radiation. The information i n  t h e  l i t e r a t u r e  on t h e  e f f e c t~-

of i o n i z i n g  r a d i a t i o n  on ammonia e x c r e t i o n  from t h e  organism a r e  con t r ad ic 

t o r y .  According t o  t h e  d a t a  of Lamerton, Elson and Chr i s t ensen  (1953), 

r a d i a t i o n  does no t  produce any q u a l i t a t i v e  o r  q u a n t i t a t i v e  changes i n  t h e  

e x c r e t i o n  of n i t rogen ,  ammonia, u rea ,  o r  amino a c i d s .  On t h e  o t h e r  hand, 

A.  Yugenburg (1926) noted a drop i n  t h e  n i t r o g e n  exc re t ed  wi th  t h e  u r i n e  

fol lowing general  i r r a d i a t i o n .  S i m i l a r  d a t a  i n  experiments with ra t s  

i r r a d i a t e d  with X-rays i n  t h e  amount of 800 r were ob ta ined  by Jeho te  (1954), 

who found t h a t  t h e  e x c r e t i o n  of n i t r o u s  f r a c t i o n s  i n  t h e  u r i n e  decreased 

u n t i l  t h e  5 th  day fol lowing i r r a d i a t i o n .  S .  S. Pe repe lk in ,  on t h e  o t h e r  

hand, i n  experiments w i th  dogs which had been i r r a d i a t e d  tw ice  by a 400 r 

dose of X-rays (800 r i n  a l l )  observed inc reased  ammonia e x c r e t i o n  i n  t h e  

u r i n e .  Increased ammonia e x c r e t i o n  i n  t h e  u r i n e  of white  r a t s  fol lowing 

i r r a d i a t i o n  with X-rays was desc r ibed  by Kolousek, S i r a c e k ,  Zicha and 

Diens tb i e r  (1965). T .  N .  Protasova (1958), i n  experiments with ra t s  i r r a 

d i a t e d  by X-rays i n  a dose t h a t  caused t h e  dea th  o f  some o f  t h e  animals,  

found d e f i n i t e  v a r i a t i o n s  i n  ammonia e x c r e t i o n .  I t  was only when a dose of 

X-rays t h a t  caused t h e  dea th  of a l l  t h e  animals was given t h a t  an i n c r e a s e  

of  t h e  ammonia l e v e l  i n  t h e  u r i n e  was observed. 

The c o n t r a d i c t o r y  n a t u r e  o f  t h e  d a t a  i n  t h e  l i t e r a t u r e  i s  e v i d e n t l y  

explained by t h e  fac t  t h a t  t h e  va r ious  au tho r s  used d i f f e r e n t  animals,  

c a r r i e d  out t h e i r  t e s t s  over varying pe r iods  of t ime,  and adminis tered 

v a r i o u s  doses of X-rays. I n  a d d i t i o n ,  t hey  i n v e s t i g a t e d  only t h e  ammonia 

content  i n  t h e  u r i n e ,  which does no t  provide a s u f f i c i e n t  b a s i s  f o r  drawing 

conclusions r ega rd ing  i t s  t o t a l  l i b e r a t i o n  from t h e  organism i n t o  t h e  

surrounding atmosphere. I n  t h i s  r ega rd ,  T .  S. Kolosova undertook a s p e c i a l  

s tudy of white r a t s .  The problem cons i s t ed  i n  explaini-ilg t h e  quest ion of 

how X-rays a f f e c t  t h e  t o t a l  exc re t ion  of ammonia from t h e  organism. The 

t e s t s  used male white  r a t s  weighing 180-200 g .  Twenty animals were placed 

i n  a he rme t i ca l ly  s e a l e d  chamber with a volume o f  0.24 m 5 . The concen t r a t ions  

of oxygen and carbon d iox ide  i n  t h e  chamber were maintained automatical ly  a t  
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Figure 3. Excretion o f  Ammonia by 
W h i t e  Rats Following Exposure t o  
X-rays i n  a Dose o f  700 r. Control 
( 1 )  and Experimental (2 )  Animals. 

a cons t an t  l eve l .  The temperature i n  t h e  chamber was 18-20'. The ammonia 

i n  t h e  a i r  of t h e  chamber was determined d a i l y .  The ammonia l e v e l  i n  t h e  a i r  

of t h e  chamber inc reased  g radua l ly .  A f t e r  4 days,  t h e  amount of  ammonia 
3excreted by t h e  ra t s  reached 130 mg/m , Under similar cond i t ions ,  white  r a t s  /39-

t h a t  had been i r r a d i a t e d  with X-rays a t  a dose of 700 r and then  placed i n  a 

chamber on t h e  5 t h  day a f te r  i r r a d i a t i o n ,  excreted ammonia i n  s i g n i f i c a n t l y  

sma l l e r  q u a n t i t i e s .  When such i r r a d i a t e d  ra t s  were placed i n  a he rme t i ca l ly  

sea l ed  chamber, t h e  ammonia concen t r a t ion  a t  t h e  end of 4 days reached only 
369 mg/m . (Table 7 and Figure 3 ) .  

T A B L E  7. EFFECT OF X - R A D I A T I O N  (700 r )  O N  THE I NTENS I TY 
OF AMMONIA E X C R E T I O N  I N  W H I T E  RATS. 

._ .-

Ammonia i n  t h e  a i r  Ammonia i n  t h e  a i r  
Dura t ion o f  s t a y  o f  t h e  chamber, Duration of s t a y  of  t h e  chambe r , 
i n  he rme t i ca l ly  . mg/m3 i n  he rme t i ca l ly  mg/m3 -
sea l ed  chamber, sealed chamber, i n - 5-8 days a f t e r
i n  days 

I 
i n  days t a c t  1 i r n d i  a t  i on  

117.0 54.0 
130.0 1 69.0 

As t h e  Table and Figure show, 

t h e  exc re t ion  of ammonia i n t o  t h e  

surrounding atmosphere was con

s i d e r a b l y  less i n  t h e  case  of t h e  

i r r a d i a t e d  animals t han  it  was f o r  

t h e  c o n t r o l s .  The ammonia concentra

t i o n  i n  t h e  a i r  of t h e  chamber i n  

t h i s  ca se  was determined by a number 

of f a c t o r s :  t h e  i n t e n s i t y  of ex

c r e t i o n  of  ammonia by t h e  animals i n  

t h e  expired a i r ,  u r i n e  and f e c e s ;  

t h e  i n t e n s i t y  of  t h e  b a c t e r i a l  pro

ces ses  i n  t h e  u r i n e  and f e c e s ,  

accompanied by t h e  formation of 

ammonia; t h e  i n t e n s i t y  of  t h e  change 
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o f  ammonia from t h e  a i r  i n  t h e  chamber t o  t h e  condensate.  The l a t t e r  t h r e e  

f a c t o r s  depend on t h e  cond i t ions  of t h e  e x t e r n a l  medium, which were e x a c t l y  

t h e  same i n  t h e  experiments with t h e  i n t a c t  and i r r a d i a t e d  animals.  Conse

quen t ly ,  we may conclude t h a t  t h e  d i f f e r e n c e s  i n  t h e  ammonia content  i n  t h e  

a i r  o f  t h e  h e r m e t i c a l l y  s e a l e d  chamber a r e  r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  

i n t e n s i t y  of i t s  e x c r e t i o n  by t h e  i r r a d i a t e d  and c o n t r o l  animals.  These 

d i f f e r e n c e s  may b e  r e l a t e d  t o  t h e  f a c t  t h a t  t h e  i r r a d i a t e d  animals show 

i n h i b i t i o n  of t h e  p rocesses  of deamination of amino a c i d s .  (Protasova, 1958), 

which c o n s t i t u t e  one of t h e  sources  of ammonia formation i n  t h e  organism. 

Apparently t h e r e  are a l s o  o t h e r  mechanisms i n  t h i s  phenomenon t h a t  r e q u i r e  

s p e c i a l  i n v e s t i g a t i o n .  

~Physlcal S t r e s s .  Physical  s t r e s s  causes  an i n c r e a s e  i n  t h e  formation 

and e x c r e t i o n  of ammonia. Thus, t h e  ammonia content  i n  t h e  s k e l e t a l  muscle 

of a cat  a t  r e s t  i s  8 . 1  mg%, while  under phys i ca l  s t r e s s  it i s  11.8 mg%. In 

t h e  c a r d i a c  muscle, t h e  ammonia content  a t r e s t  i s  3.6 mg% and 5 .4  mg% during 

work. 

The i n c r e a s e  i n  ammonia formation under phys i ca l  s t r e s s  e v i d e n t l y  

occurs as t h e  r e s u l t  o f  t h e  a c t i v a t i o n  o f  glutaminase,  which causes deamina

t i o n  o f  glutamir,e (Simakova, 1954). 

Hyperox_iaHypox;a. Oxygen i n t o x i c a t i o n  is accompanied by an 
~ - .  .. 

i n c r e a s e  of t h e  ammonia content  i n  t h e  b r a i n .  I t  was shown i n  expe r i en t s  

with white r a t s  t h a t  t h e  e f f e c t  of 4 atmospheres of oxygen leads t o  a n e a r l y  

15-fold i n c r e a s e  of t h e  ammonia content  i n  t h e  b r a i n .  Thus, i f  t h e  ammonia 

l e v e l  i n  t h e  b r a i n  of i n t a c t  animals i s  0.27 (0.08-0.09) pM/g, i t  w i l l  r i se  

t o  4.03 pM/g i n  oxygen i n t o x i c a t i o n  (Gersenovich, Krichevskaya and Bronovit

skaya, 1957). Hypoxia, on t h e  o t h e r  hand, i n h i b i t s  ammonia formation.  I t  

was shown i n  experiments on r a b b i t s  t h a t  hypoxia (an a l t i t u d e  of 7,500-8,500 m) 

l eads  t o  a drop i n  t h e  ammonia content  i n  t h e  t i s s u e s  of t h e  organism. The 

ammonia con ten t  i n  t h e  s k e l e t a l  muscles of r a b b i t s  i s  2.4 mg%; following t h e  

e f f e c t s  of hypoxia, i t  drcjps t o  1 . 6  mg% (Simakova, 1954). 

-/40 
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-- Effec t  of Pharmacological Substances. There i s  considerable  d a t a______-- - -

a v a i l a b l e  on t h e  e f f e c t  of va r ious  pharmacological substances on t h e  l e v e l  of 

ammonia i n  t h e  organism. Among t h e  most important o f  t h e s e  a r e  such amino 

a c i d s  as glutamic and a - k e t o g l u t a r i c  a c i d s .  These ac ids  a r e  a b l e  t o  bind 

f r e e  ammonia i n  t h e  organism t o  form glutamine and glutamic a c i d ,  r e s p e c t i v e l y .  

Evident ly  a - k e t o g l u t a r i c  a c i d  i s  more e f f e c t i v e .  The ammonia l e v e l  i n  t h e  

blood of p a t i e n t s  s u f f e r i n g  from c i r r h o s i s  o f  t h e  l i v e r  r i s e s  from 25-30 t o  

35-120 y%; i n j e c t i o n  of 4-10 g of calcium a - k e t o g l u t a r a t e  d a i l y  f o r  35 days 

allows a pronounced t h e r a p e u t i c  e f f e c t  t o  be acheived (Deuil ,  Godard and 

Gentilhomme, 1964) .  Der iva t ives  o f  glutamic a c i d ,  N-acetyl glutaminate  and 

N-carbamyl g lu t amina te ,  reduce t h e  ammonia l e v e l  i n  white  mice and r a t s  with 

hyperammonemia produced by i n t r a p e r i t o n e a l  i n j e c t i o n  of ammonium c h l o r i d e  

/ 4  1(Chiosa, Niculescu, Bonciocat and S tana iv ,  1965). A p r o t e c t i v e  e f f e c t  i n  -
ammonia poisoning i s  a l s o  produced by dl-carbamyl a s p a r t i c  a c i d  ( C i t t a d i n i ,  

C r i s t o f a r o ,  B a l e s t r i e r i  and Cimino, 1966). I t  was shown i n  experiments with 

ra t s  t h a t  i n j u r y  t o  t h e  l i v e r  by e t h i o n i n e  l eads  t o  an i n c r e a s e  i n  t h e  ammonia 

l e v e l  i n  t h e  blood t o  180 y%. Under t h e s e  cond i t ions ,  t h e  i n t r o d u c t i o n  of 

n i a l a m i d e - i n h i b i t o r  monoaminoxidase reduces t h e  ammonia content  t o  120  y%. 

This same p repa ra t ion  reduces t h e  ammonia l e v e l  i n  dogs with hyperammonemia 

produced by t h e  i n j e c t i o n  o f  a 2% s o l u t i o n  o f  ammonia (Zuidema, Kirsh,  Cares,  

Kowalczyk and Coon, 1963).  

Data on t h e  e f f e c t  of r a d i o p r o t e c t o r s ,  whose use  i s  p o s s i b l e  under t h e  

condi t ions of space f l i g h t ,  on t h e  ammonia l e v e l  i n  t h e  b r a i n  a r e  very i n 

t e r e s t i n g ,  I t  has been shown t h a t  aminothiols  d id  n o t  change (but i ndo le 

a l k y l  amides reduced) t h e  ammonia content  i n  t h e  b r a i n s  of white  r a t s  

(Strelkov,  1967). 

Attempts have been made t o  achieve r educ t ion  o f  t h e  ammonia l e v e l  i n  

t h e  blood with t h e  a i d  o f  i n j e c t i o n s  of t h e  u r e a s e  i n h i b i t o r  ' k h l o r l i z o d r i n . '  

These at tempts  were unsuccessful  (Zuidema, Sherman, Cullen and Kirsh,  1964). 

I n  f a c t ,  u rease  i n h i b i t o r s  a r e  va luab le  when used t o  r e t a r d  t h e  breakdown 

of u r e a  (with l i b e r a t i o n  of ammonia) under t h e  i n f l u e n c e  o f  t h i s  enzyme i n  

s tanding o r  s t o r e d  u r i n e ,  but  n o t  under i n  v ivo  c o n d i t i o n s ,  when ammonia 

formation due t o  t h e  decomposition o f  u rea  does not p l a y  a s i g n i f i c a n t  r o l e .  
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Carbon Monoxide 

Ionizing Radiat ion.  The e f f e c t  o f  i o n i z i n g  r a d i a t i o n  on t h e  endogenic 

formation of carbon monoxide was s t u d i e d  i n  d e t a i l  i n  a s e r i e s  of papers  by 

v. V.  Kustova e t  a l .  

These au tho r s  showed t h a t  i r r a d i a t i o n  o f  wh i t e  r a t s  by X-rays i n  a dose 

of 1,000 r produces an i n c r e a s e  i n  t h e  l e v e l  o f  carboxyhemoglobin i n  t h e  

blood of t h e s e  animals by 136% on t h e  7 th  day o f  r a d i a t i o n  s i c k n e s s .  I r r a d i a 

t i o n  of  human blood in v i t r o  l eads  t o  an i n c r e a s e  i n  i t s  carboxyhemoglobin 

con ten t  by n e a r i y  2 times (Kustov, Troshanova, and Ivanova, 1960). The 

au tho r s  suggest t h a t  t h e  cause of t h e  i n c r e a s e  of t h e  carboxyhemoglobin con

t e n t  i n  t h e  blood of i r r a d i a t e d  animals c o n s i s t s  i n  inc reased  catabol ism of 

hemoglobin under t h e  i n f l u e n c e  of peroxide compounds formed i n  t h e  process  

(Kustov, Gofman, and Ivanova, l961) .  I t  i s  a l s o  e v i d e n t l y  con t r ibu ted  t o  by 

t h e  drop i n  t h e  a c t i v i t y  of blood c a t a l a s e ,  which occurs  fol lowing t h e  a c t i o n  

of X-rays(Tiunov, Vas i l ' yev ,  and Smirnova, 1962).  A drop i n  t h e  a c t i v i t y  of 

c a t a l a s e  i s  accompanied by a r ise  i n  t h e  formation of b i l e  pigments. This 

was shown by Haeger-Aronsen i n  1962 i n  experiments with r a b b i t s  i n  which 

t h e  c a t a l a s e  a c t i v i t y  was suppressed by a l l y l i s o p r o p y l  acetylcarbamide. I f  

animals a r e  i n j e c t e d  p r i o r  t o  i r r a d i a t i o n  wi th  a f e r rug inous  complex of 

/42t r i e t h y l  t e t r amine ,  which has a c a t a l a s e - l i k e  e f f e c t  (Wang, 1955), t h e  drop -
of a c t i v i t y  of t h e  c a t a l a s e  can be prevented (Smirnova, 1962). This same 

p repa ra t ion ,  i n j e c t e d  i n t o  r a b b i t s  p r i o r  t o  i r r a d i a t i o n  o r  added t o  blood 

from hea l thy  s u b j e c t s ,  i r r a d i a t e d  in v i t ro ,  prevented inc reased  formation 

of carboxyhemoglobin under t h e  in f luence  of i o n i z i n g  r a d i a t i o n  (Kustov, 1962). 

These d a t a  a r e  i n d i r e c t  proof of t h e  f a c t  t h a t  an i n c r e a s e  i n  t h e  endogenic 

formation of  carbon monoxide under t h e  i n f l u e n c e  of i o n i z i n g  r a d i a t i o n  i s  

t h e  consequence of i nc reased  hemoglobin deg rada t ion .  Some r e s e a r c h e r s ,  

however, have not  been a b l e  t o  d e t e c t  endogenic formation of carbon monoxide 

under t h e  in f luence  of r a d i a t i o n  (Vysochina, 1963). 

In  t h i s  regard,  i n  o rde r  t o  c l a r i f y  t h e  problem of how X-radiat ion 

a f f e c t s  t h e  i n t e n s i t y  of carbon monoxide e x c r e t i o n  from t h e  organism t o  t h e  

surrounding atmosphere, we conducted s p e c i a l  j o i n t  experiments with T. S .  

Kolosova us ing  white  rats.  
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Twenty male white  r a t s  weighing 180-200 g were placed i n  a h e r m e t i c a l l y  

sea l ed  chamber. The temperature ,  humidity, and oxygen and carbon monoxide 

l e v e l s  i n  t h e  chamber were maintained a t  a cons t an t  l eve l ,  The carbon 

monoxide l e v e l  was measured every 24 hours f o r  96 hours .  

These animals were then  i r r a d i a t e d  wi th  X-rays i n  t h e  amount of 700 r; 

5 days l a t e r ,  t hey  were aga in  placed i n  t h e  h e r m e t i c a l l y  sea l ed  chamber f o r  

96 hours (Table 8 ) .  This experiment shows t h a t  t h e  i n t e n s i t y  of carbon 

monoxide e x c r e t i o n  by i r r a d i a t e d  animals i s  h ighe r  t han  i n  hea l thy  non- i r r a 

d i a t e d  animals. 

T A B L E  8. EFFECT OF X - R A D I A T I O N  (700 r )  ON THE I N T E N S I T Y  
OF CARBON MONOXIDE EXCRETION BY W H I T E  RATS. 

..1 

Carbon monoxide i n  a i r  o f  herme t i ca l ly  
Duration of s t a y  i n  hermetica l y  1 s ; ~ ~ ~ " , c h a m b ~ r ,mg/m3 
sealed chamber, hours 5 days a f t e r  

i r r a d i a t i o n  
I 

24 25 25.0 
48 28.0 40.0 
96 30.0 39.0 

Hypoxia. Hypoxemic s t a t e s  a r e  accompanied by an i n c r e a s e  i n  t h e  

endogenic formation of carbon monoxide. Excret ion of carbon monoxide i s  

increased by b rea th ing  a i r  con ta in ing  9% oxygen f o r  10 minutes.  S imi l a r  

r e s u l t s  a r e  obtained a f t e r  b rea th ing  a gas mixture  con ta in ing  48% carbon 

d iox ide  f o r  30 minutes.  The endogenic formation o f  carbon monoxide i s  

thereby increased 5 t imes.  The au tho r s  of t h e s e  papers s t a t e  t h a t  under 

t h e  in f luence  of hypoxia t h e r e  occurs  i n  t h e  organism an accumulation of 

incompletely oxidized p roduc t s ,  a s h i f t  of t h e  pH t o  t h e  a c i d  s i d e  and (as  

a consequence of t h e  l a t t e r )  i nc reased  degradat ion of hemoglobin and inc reased  

product ion of endogenic carbon monoxide (Malmstroem and S joes t r and ,  1953). 

However, not  j u s t  any degree of hypoxia w i l l  i n c r e a s e  t h e  endogenic formation 

of CO. In  t h e  obse rva t ions  made by Biget (1954) of 7 men i n  a chamber where 

t h e  oxygen content  was reduced and corresponded t o  t h a t  a t  a he igh t  of 4,000 m ,  

it was not  p o s s i b l e  t o  d e t e c t  any i n c r e a s e  i n  t h e  endogenic formation of 

carbon monoxide. 
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Physical S t r e s s .  Heavy phys ica l  work causes  inc reased  endogenic 

formation of carbon monoxide (Malmstroem and S j o e s t r a n d ,  1953). Graziani 

and Mungo (1956), who s t u d i e d  20 men a f t e r  heavy p h y s i c a l  work, de t ec t ed  

carbon monoxide i n  t h e  blood plasma. 

Illness. The g r e a t e s t  number o f  r e p o r t s  i n  t h e  l i t e r a t u r e  dea l  with 

increased endogenic formation of carbon monoxide i n  human s u b j e c t s  s u f f e r i n g  

from va r ious  forms of anemia (Leoper, 1939; S j o e s t r a n d ,  1950; Bakowa and 

Szezepkowski, 1960). An i n c r e a s e  was observed i n  t h e  endogenic formation 

of  carbon monoxide i n  p a t i e n t s  with ca rd iovascu la r  d i s e a s e s ,  d i a b e t e s ,  and 

i n f e c t i o n s  of t h e  r e s p i r a t o r y  organs ( B e l l i  and G i u l i a n i ,  1955; Giobelo and 

Parmeggiani, 1959). Increased formation of carbon monoxide has been des

c r ibed  i n  p a t i e n t s  i l l  with s i l i c o s i s  (Cavigneaux, Fuchs and Tara,  1949). 

Data are a l s o  a v a i l a b l e  on t h e  i n t e n s e  endogenic formation of carbon monoxide 

i n  cases  of burns ( T r o e l l ,  Norlander and Johanson, 1955).  S imi l a r  d a t a  on 

t h e  endogenic formation of carbon monoxide i n  v a r i o u s  kinds of d i s e a s e s  a r e  

found i n  t h e  survey by Engstedt (1957). 
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CHAPTER I V  

CHARACTERISTICS OF GASEOUS PRODUCTS OF H U M A N  V I T A L  ACTIVITY 

The chemical composition of t h e  gaseous products  of  "human o r i g i n , "  /44 
c a l l e d  anthropotoxins  (Anthropotoxin mild) by Dubois Ramon, i s  ve ry  complex. 

A t  t h e  p re sen t  t i m e ,  w i th  t h e  a i d  of modern methods of  i n v e s t i g a t i o n  

(gas chromatography, i n f r a r e d  spectrometry,  mass spectrometry) ,  more than 

400 compounds have been found i n  t h e  con ten t s  o f  t h e  "metabolic excreta '1  of 

man; t hey  r e p r e s e n t  22 chemical groups of organic  and ino rgan ic  substances 

(Weber, 1963). 

Some of t h e s e  compounds a r e  formed i n  t h e  organism i n  t h e  process  of 

normal metabolism and e n t e r  t h e  surrounding medium with t h e  expired a i r ,  

u r i n e  o r  f eces  o r  a r e  included i n  t h e  composition of t h e  e x c r e t a  of sudor i 

sweat and sebaceous g l ands .  A c e r t a i n  percentage of  t he  gaseous chemical 

compounds o f  "human o r ig in"  a r e  r e l e a s e d  i n t o  t h e  atmosphere as t h e  r e s u l t  

of complex phys ica l  and chemical conversions and b a c t e r i a l  decomposition 

of va r ious  organic  compounds contained i n  t h e  u r i n e ,  f e c e s ,  sweat, cutaneous 

f a t ,  e t c .  The chemical n a t u r e  of both t h e  endogenic and secondary gaseous 

products of v i t a l  q u a n t i t i e s  o f  gaseous e x c r e t a  of "human or ig in1 '  complicates 

e s t ima t ion  of t h e i r  va lue  i n  t h e  formation o f  atmospheres i n  he rme t i ca l ly  

sea l ed  environments. This  f a c t  has  n e c e s s i t a t e d  s p e c i a l  s t u d i e s  t o  determine 

t h e  amounts of t h e  b a s i c  gaseous i m p u r i t i e s  excreted by man i n t o  t h e  ambient 

medium and t o  determine t h e  n a t u r e  of t h e i r  b i o l o g i c a l  e f f e c t  on the  organism 

-_ G i v e n  O f f  ~ By Fresh UrineC h a r a c t e r i s t i c s  of Ce-rtain Gaseous Toxic 'Substances _ _  _ _  _ _  .- ~- -

A p r a c t i c a l l y  h e a l t h y  i n d i v i d u a l  e x c r e t e s  1,000-1,600 m l  o f  u r i n e  d a i l y ,  

con ta in ing  approximately 95% water  and 5% organ ic  and ino rgan ic  substances.  

A l i s t  of t h e s e  products  and t h e  amount of each i n  grams i n  t h e  d a i l y  u r i n e  

are given below: 
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Chemical Composition 

Water 
Sol id  matter  
Organic substances 

Urea 

Uric ac id  

Hippuric ac id  

C r e a t i n i n e  

Indican 


A1 1 an to i  n 

Nitrogen from amino a c i d s  

Puri n i  c bases 

Phenols 

Acetone 

h c e t i c  ac id  

Formic ac id  

C i t r i c  ac id  

Oxal i c  ac id  


Inorganic substances 

Af t e r  Sinyak 

E Chizhov (1964) 


Approx. 1,400 


22-46 
20-35 

0.2-1.2 
0.1-2.5 
0.6-1.9 

0.0173-0.42 
0,009 

0.041-0.06 
0.014-0.036 

0.2-1 .o  
0.015-0.03 

12-25 
Chlorides ( i n  t h e  form of NaC1) 8-12 

Na 

K 

Ca 

Mg

Sul fu r  i n  t h e  form of SO2 


Inorganic s u l f a t e s  (SO3 ) 
Bound s u l f a t e s  (SO3) 

Neutral s u l f u r  

Af t e r  Mangel sdorf  /45-
( 1  959) 

1,200 
60 


30 
0.7 
0.7 
1 .2  
0.01 
0.04 
0.2 
0.01 
0 .2  

0.02 

12.0 
4.0 
2.0 
0 .2  
0.15 
2 .5  
2.0 

0.2 

0 . 3  

These d a t a  on u r i n e  composition a r e  f a r  from complete, however. The most 

d e t a i l e d  information,  contained i n  t h e  Biology Data Book (F. Altman, Ditmer, 

1964) speaks of t h e  presence i n  human u r i n e  of 229 chemical compounds. These 

inc lude  103 ni t rogenous compounds, 30 e l e c t r o l y t e s ,  2 2  v i t amins ,  38 hormones 

and 10 enzymes, as we l l  as o rgan ic  ac ids  of l i p i d s  of hydrocarbons. In o t h e r  

sources ,  183 chemical substances a r e  l i s t e d  i n  t h e  composition of u r i n e  

(Weber, 1967). The most important r o l e  i n  t h e  formation of t h e  gaseous cam-

_______

[ T r .  Note: Footnote no t  r e f e r r e d  t o  i n  t e x t ] .  The amount of organic  sub
s t a n c e s  i n  v a r i o u s  d a i l y  p o r t i o n s  of u r i n e  amounts t o  13,000-36,000 mg O 2 / l i t e r .  
The amount of u r e a  v a r i e s  from 7 t o  18 g / l i t e r  (Kozvrevskaya e t  a l , ,  1967) .  
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ponent of he rme t i ca l ly  s e a l e d  systems i s  played by t h o s e  component p a r t s  of 

u r i n e  which possess  s u f f i c i e n t  v o l a t i l i t y .  These inc lude  p r imar i ly  ammonia, 

amines, and organic  a c i d s  (Clemedson, 1959). The amines i n  u r i n e  inc lude  

trimethylamine (Starck e t  a1 ., 1963) , dimethylamine (Dargel, 1966), ethyl.

amine (Sakato, 1950; Pe r ry ,  Show, Walker and Redlich,  1962), methylamine, 

ethylamine, propylamine, butylamine, ethanolamine (Davies, Wolf and Perry,  /46 
1954). Chromatographic s t u d i e s  have made it p o s s i b l e  t o  i s o l a t e  40 d i f f e r e n t  

amines from u r i n e ,  26 o f  which have been i d e n t i f i e d .  These inc lude ,  i n  pa r 

t i c u l a r ,  methylamine, dimethylamine, ethylamine, ethanolamine, B-oxypropyla

mine, p i p e r i d i n e ,  p u t r e s c i n e ,  cadaverine,  h i s t amine ,  N-acetylhistamine, 

methylhistamine, p-oxybenzylamine, tyramine, 5-methoxytryptamine, normethane

phr ine ,  methanephrine, t ryptamine,  bufotenine and kynuramine (Perry and 
Schroeder , 1963) . 

In  a d d i t i o n ,  t h i s  group of u r i n e  components must i nc lude  acetone,  

phenols,  pa rac reso l  (Lebber e t  a l . ,  1966) methane, hydrogen, hydrogen s u l 

f i d e  (Slager ,  1962), acetaldehyde,  i sop rene ,  ethanolmethyl formate, pro

p i o n i c  aldehyde, methyl e t h y l  ketone, d i a c e t y l ,  dimethyl s u l f a t e ,  a c e t o n i t r i l e  

(McKee, 1960). Q u a n t i t a t i v e  d a t a  on t h e  u r i n e  content  of c e r t a i n  chemical 

substances which a r e  p o t e n t i a l l y  a b l e  t o  e n t e r  t h e  surrounding atmosphere 

a r e  given i n  Table 9.  

The m a t e r i a l s  on t h e  content  of many v o l a t i l e  products i n  t h e  u r i n e  

a r e  very c o n t r a d i c t o r y .  They provide no p o s s i b i l i t y  whatever of c a l c u l a t i n g  

t h e  amount of any gaseous substance which i s  capable  of being excreted i n t o  

t h e  surrounding atmosphere. This f a c t  i s  t h e  only t h i n g  t h a t  complicates 

t h e  eva lua t ion  of t h e  hyg ien ic  s i g n i f i c a n c e  of t h e  gaseous substances given 

o f f  by s t o r e d  u r i n e .  We t h e r e f o r e  performed s p e c i a l  s t u d i e s  i n  which w e  

determined t h e  amounts of s e v e r a l  t o x i c  substances given o f f  by u r i n e  

(Kustov e t  a l .  , 1967).  

I n  t h e s e  t e s t s ,  t h e  content  of t o x i c  m a t e r i a l  was determined i n  a c u r r e n t  

of previously p u r i f i e d  a i r ,  flowing f o r  3 hours through a g l a s s  con ta ine r  with 

200 ml of f r e s h l y  c o l l e c t e d  u r i n e .  
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T A B L E  9 .  
C H E M I C A L  

Substance 

Ammon i a 
Ammon i a 

Ammon i a 

Ammonia 

Ammon i a 
Acetone 
Dimethylamine 
Ketonic bodies 
Ketonic bodies 
p-Cresol 
p-Cresol 
p-C resol 
p-Cresol 
Methy l  a1 coho 
E t h y l  alcohol 
E t h y l  alcohol 

CONTENT OF C E R T A I N  H I G H L Y  VOLAT L E  

SUBSTANCES I N  HUMAN U R I N E .  

Con tent  
.. . 

40-80 mg/% 
0.8317 gA$:, 
ages 16-18 
0.3822 gh:, 

ages 25-35 
0. 5624 g$;?:, 
ages 50-62 
0.574-0.868 g"" 
0.155% 
0.5-4.0 mg$:$: 
0 .9-2.8 M / 1  

0.285 mg;'=?/kg w t  
45.7 mg/l
87 mg (65- 1 1 7) :?$: 
1.8 mg % 
0 . 3  mg % 

>0.2 mg % 
>0.1 mg % 

Source 

Maksimova, 1951 

Podrabinik,  1953 


Mazur i na , 1939 

Mason, Enstrom, 1950 

L e v i n ,  1955 

Johnson, Sargent ,  

Passmore, 1958 

Spec to r ,  1956 

Bergerova-Fiserova, 1954 

Schmidt, 1942 

S i e g f r i e d ,  Zimmerman, 1911 

Leaf,  Zatman, 1952 

Buecher, Redetzki,  1951 

Walker, Curry, 1966 


;: T h e  d a i l y  u r i n e  of dogs con ta ins  0.005-0.95 g of ammonia (Z i lov ,  1948).  
;k;? Daily Urine. 

The r e s u l t s  of t h e  experiments a r e  l i s t e d  i n  Table 10. 

I t  follows from t h e  d a t a  i n  t h e  Table t h a t  a i r  t h a t  has passed through 

f r e s h  u r i n e  always con ta ins  ammonia with a l i p h a t i c  amines and phenols.  Fre

quent ly ,  one a l s o  f i n d s  ketones,  organic  a c i d s ,  and ve ry  r a r e l y ,  hydrogen s u l 

f i d e  withmercaptans.  The gaseous e x c r e t a  con ta in  l a r g e  amounts of organic  

compounds ("hydrocarbons"). I t  i s  s t r i k i n g  t h a t  carbon monoxide i s  exc re t ed  

from f r e s h  u r i n e 5 .  

~~ . 

The p o s s i b i l i t y  of s e p a r a t i n g  carbon nonoxide from u r i n e  was demonstrated 
i n  t h e  experiments of Pecora e t  a l . ,  (1959). 
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T A B L E  10. L I B E R A T I O N  I N T O  THE ATMOSPHERE OF 
T O X I C  SUBSTANCES FROM FRESH U R I N E  

Amount in mg/IOO m l  urine 
-- . -

Organic
acids con
verted to 
CH3COOH 
- .- - .. . 

-
-
-
-
-_ 
-_ 
-_ 

CI ,023 
_.. 

Traces 

-

Amount in. 
mg/liter air 

Commas i n d i c a t e  decimal p o i n t s .  

Simple c a l c u l a t i o n s  w i l l  show t h a t  when t h e  atmosphere o f  a s t anda rd  

cabin6 conta ins  ammonia, ace tone ,  phenols  , CQ, and carbohydrates  i n  t h e  average 

amounts l i s t e d  ir, Table 11, t h e  concen t r a t ion  of each subs tance  w i l l  be seve r 

a l  f a c t o r s  l e s s  than  i t s  pe rmis s ib l e  l e v e l  f o r  t h e  atmospherlc medium o f  

working q u a r t e r s  (Table 11). I t  was p o s s i b l e  t o  assume, however, t h a t  t h e s e  

concent ra t ions  a r e  h y g i e n i c a l l y  s i g n i f i c a n t  under t h e  in f luence  of  an e n t i r e  

complex o f  gaseous subs tances  g iven  o f f  by f r e s h  u r i n e .  

The above assumption was t e s t e d  by us  and by V .  I .  Mikhaylov and L.  T.  

Poddubnaya i n  s p e c i a l  experiments .  The conduct of  s t u d i e s  o f  t h i s  k ind  was 
a l l  t h e  more j u s t i f i e d  by t h e  f a c t  t h a t  .the va lues  o f  t h e  pe rmis s ib l e  concen

t r a t i o n s  l i s t e d  i n  Table 11 apply t o  t h e  ind iv idua l  subs tances  and no t  t o  t h e  

complex o f  chemical compounds g iven  o f f  by f r e s h  u r i n e .  

A s t anda rd  cabin i s  understood t o  be  a he rme t i ca l ly  sea l ed  chamber i n  which 
t h e r e  i s  one person and which has  a f r ee  volume o f  a i r  o f  1 m 3  (Clemedson, 
1959).  
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TABLE 1 1 .  POSSIBLE CONTENT OF SEVERAL C H E M I C A L  
SUBSTANCES G I V E N  OFF BY FRESH U R I N E  I N  THE 
ATMOSPHERE OF A STANDARD C A B I N .  

- .~ 

Substance 

~_ _ 

Ammon i a -0.012 20 
Pheno 1 s -0.024 5 
Acetone -0.01 200 
Carbon monoxide -0.055 20 
Hydrocarbons converted t o  C -0.033 300 

To s tudy t h e  n a t u r e  of t h e  b i o l o g i c a l  e f f e c t  of t h e  complex of gaseous 

t o x i c  substances given o f f  by f r e s h  u r i n e ,  we conducted experiments on male 

white  mice weighing 20-25 grams. The animals were placed i n  g l a s s  d e s i c c a t o r s  

with a volume of 8 l i t e r s .  Room a i r ,  p rev ious ly  p u r i f i e d  i n  a system of 

columns with pumice, impregnated with s u l f u r i c  a c i d ,  a l k a l i ,  s i l i c a  g e l  and 

h o p c a l i t e ,  was bubbled through f r e s h  u r i n e  (200 ml) a t  t h e  r a t e  of 1 l i t e r / m i n  

and admitted t o  t h e  animals’ chamber. The time of exposure t o  t h e  complex 

of chemical substances l i s t e d  below ( i n  m g / l i t e r )  was 2 hours.  

Ammonia and a l i p h a t i c  amines 

Acetone 

Aldehydes 

Organic a c i d s  converted t o  a c e t i c  

Nitrogen oxides converted t o  N 0
2 5  
Carbon monoxide 
Hydrocarbons converted t o  carbon 
Phenols 
Oxygen ( i n  %) 
Carbonic a c i d  ( i n  %) 

0 a 0022 
0.0005 
Traces 
0.0044 
Traces 

0.029 
0.038 
0.0006 

20.7 
0 .4  

During t h e  exposure time, t h e  behavior  of t h e  animals was observed; 

a f t e r  it was over ,  t h e  a c t i v i t y  of  c h o l i n e s t e r a s e  i n  t h e  blood was determined 

by t h e  method o f  A.  A.  Pokrovskiy (1953) and t h a t  of c a t a l a s e  by t h e  method 

of A. N .  Bach and S. R .  Zubkova (1950); t h e  content  o f  a c e t y l c h o l i n e  i n  t h e  

blood was determined by t h e  method of Khestr in  as modified by L .  Ya. L i v s h i t s  

and B. Rubin (1961), and t h e  l e v e l  of carboxyhemoglobin (HbCO) was determined 

by t h e  Wolf method (1959). 
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These experiments showed t h a t  t h e  complex of t o x i c  substances given o f f  

by f r e s h  u r i n e  produced a r e a c t i o n  i n  t h e  experimental  animals t h a t  was 

c h a r a c t e r i s t i c  of  t h e  e f f e c t  o f  i r r i t a n t  gases .  The white  mice were observed 

t o  be animated and r e s t l e s s ;  t hey  l o s t  t h e i r  a p p e t i t e s  and closed t h e i r  

eyes;  t h e  animals '  r e s p i r a t i o n  ra te  was seen t o  i n c r e a s e .  

Examinations of  t h e  experimental  animals f a i l e d  t o  r evea l  any s i g n i f i 

can t  changes i n  t h e  HbCO con ten t  of t h e  blood o r  i n  c a t a l a s e  a c t i v i t y  

(Figure 4). 

I n  a d d i t i o n ,  we observed a n o t i c e a b l e  i n c r e a s e  of t h e  a c e t y l c h o l i n e  

content  i n  t h e  blood and inc reased  a c t i v i t y  of c h o l i n e s t e r a s e  (Figure 5 ) ,  

which c l e a r l y  i n d i c a t e s  some s t r e s s  on t h e  phys io log ica l  system t h a t  produces 

a s t a t e  of neurohumoral compensation i n  t h e  organism (Al 'pern,  1963).  

.\ .;$, .- .A ~\ 

Figure 4 .  Effect  of Toxic Substances Figure 5 .  E f fec t  of Toxic Substances 
G i v e n  Of f  by Fresh Urine on C a t a l y t i c  G i v e n  Off by Fresh Urine on t h e  
A c t i v i t y  ( 1 )  and t h e  Content of Car- Amount of Acetylchol ine ( I )  and 
boxyhemoglobin i n  t he  Blood of W h i t e  A c t i v i t y  o f  Chol ines t e ra se  ( 1 1 )  i n  
Mice ( 1 1 ) .  1 ,  Control;  2 ,  Experimen- White Mice. Symbols same a s  i n  
t a l .  I n  t r i a n g l e s :  n u m b e r  of Figure 4 .  
an ima 1 s . 

A l l  of t h i s  supports  our view (mentioned e a r l i e r )  t h a t  t h e  gaseous 

chemical substances given off by f r e s h  u r i n e  i n  r e l a t i v e l y  small amounts, i n  

t h e  event o f  t h e i r  j o i n t  a c t i o n  on an organism, can produce n o t  only a 

s t i m u l a t o r y  b u t  even a g e n e r a l l y  t o x i c  e f f e c t .  



C h a r a c t e r i s t i c s  o f  Cer ta in  Gaseous Toxic Substances G i v e n  O f f  bv Stored U r i n e  

Human u r i n e  i s  a f avorab le  n u t r i e n t  medium f o r  v a r i o u s  microorganisms. 

During t h e i r  v i t a l  a c t i v i t y ,  t h e r e  i s  decomposition o f  t h e  o rgan ic  and i n 

organic  compounds i n  t h e  u r i n e  with l i b e r a t i o n  of v a r i o u s  chemical substances 

i n t o  t h e  surrounding a i r .  The ma jo r i ty  of t h e s e  substances do not  d i f f e r  

from t h e  chemical products  given o f f  by f r e s h  u r i n e .  However, some of t h e s e  -/SO 

substances may belong t o  o t h e r  chemical groups.  

A l l  of  t h e s e  gaseous products  may become dangerous i n  t h e  event of 

d i s tu rbance  of t h e  hermetic  s e a l s  of t h e  s p e c i a l  c o n t a i n e r s  f o r  s t o r i n g  u r i n e  

aboard s p a c e c r a f t .  

To e s t i m a t e  t h e  degree of t h i s  danger,  w e  determined t h e  content  of 

t o x i c  substances i n  t h e  gaseous products of s t o r e d  u r i n e  (Kustov, Mikhailov, 

Poddubnaya, 1967) and s t u d i e d  t h e i r  b i o l o g i c a l  e f f e c t s .  

I n  t h e  experiments,  we attempted t o  t r a c e  t h e  change i n  t h e  composition 

and amount o f  t o x i c  substances given o f f  by u r i n e  du r ing  s t o r a g e  f o r  3 .5  and 

10 days a t  a temperature  of 18-20°C. Co l l ec t ed  u r i n e  i n  t h e  amount of 500 cm 3 

was s t o r e d  i n  5 - l i t e r  he rme t i ca l ly  s e a l e d  g l a s s  b o t t l e s .  A t  t h e  end o f  t h e  

s p e c i f i e d  s t o r a g e  pe r iod ,  samples of a i r  were drawn from t h e  b o t t l e s  f o r  sub

sequent chemical a n a l y s i s  (Table 1 2 ) .  

I t  i s  c l e a r  from t h e  Table t h a t  t h e  gaseous products  of s t o r e d  u r i n e  

inc lude  ammonia and a l i p h a t i c  amines, ketones,  organic  a c i d s ,  carbon monoxide, 

hydrocarbons and phenols ,  i . e . ,  t h e  same substances t h a t  we observed i n  t h e  

gaseous products  of f r e s h  u r i n e .  I n  a d d i t i o n  t o  t h e  substances l i s t e d ,  t h e  

a i r  above t h e  s t o r e d  u r i n e  was found t o  con ta in  some gaseous products  which 

were not  found among t h e  gaseous products  of f r e s h  u r i n e .  This  i nc ludes  ( i n  

p a r t i c u l a r )  n i t r o g e n  ox ides ,  hydrogen s u l f i d e  with mercaptans,  and s u l f i d e .  

gas .  

The d a t a  shown i n  Table 1 2  a l s o  i n d i c a t e  t h a t  as t h e  s t o r a g e  pe r iod  of /51 

t h e  u r i n e  i n c r e a s e s ,  t h e  l i b e r a t i o n  i n t o  t h e  a i r  of ammonia with a l i p h a t i c  

compounds l i kewise  i n c r e a s e s ,  as do t h e  amounts of organic  a c i d s ,  hydrocarbons, 

and n i t r o g e n  oxides .  



TABLE 12. GASEOUS CHEMICAL SUBSTANCES ( i n  mg/100 ml) 
G I V E N  OFF BY U R I N E  DURING STORAGE. 

Substance 1 . I I - i - _ e _  - - .-

Max Min. Av. Max. 

I
Ammonia and 

aliphatic : 

Ketones . . 10,0p
Organic acids I 
converted to 1. 
acetic acid 0 , o j  
Hydrocarbons
converted to 

C 0,15 
Phenols . . )o,oo 
Nitrogen
oxides con
verted to 
N205 .e * a 'J ,oola/s 'a,cos
Nitrogen I 
su l f iue  and  
mercaptans 
Sulfur  
d i o x i d e  . . 
Carbon. 
inonomde. . 

Note: Numerator = subs t ance ,  i n  mg; denominator = number o f  determinat ions 
from w h i c h  t h e  average was drawn. 

Commas i n d i c a t e  decimal p o i n t s .  

In a b a c t e r i o l o g i c a l  s tudy  o f  t h e  s t o r e d  u r i n e ,  i n t e n s i v e  m u l t i p l i c a t i o n  

o f  va r ious  u r o b a c t e r i a  was observed i n  i t .  By t h e  10th  day o f  t h e  experiment,  

t h e  number o f  microbial  bodies  i n  1 m l  o f  u r i n e  inc reased  from 90 .5  f 15 t o  

4.8.109 & l .10-9 .  A l l  o f  t h i s  allows us t o  a t t r i b u t e  t h e  inc reased  product ion 

o f  t h e s e  gaseous substances and the(appearance i n  t h e  a i r  above s t o r e d  u r i n e  o f  

n i t r o g e n  ox ides ,  s u l f u r  anhydride,  and sometimes hydrogen s u l f i d e ,  due t o  micro

b i a l  decomposition o f  t h e  o r g a n i c  and ino rgan ic  products  contained i n  u r i n e .  

The d i f f e r e n c e s  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  gaseous products  o f  f r e s h  /52 
and s t o r e d  u r i n e  were n o t  r e f l e c t e d  i n  t h e  n a t u r e  o f  t h e i r  b i o l o g i c a l  e f f ec t s .  

In  ou r  f u r t h e r  s t u d i e s ,  t hen ,  conducted j o i n t l y  with V .  I .  Mikhaylov and L .  T.  

Poddubnaya, w e  s t u d i e d  t h e  o v e r a l l  t o x i c  e f f e c t  o f  t h e  complex o f  t o x i c  sub

s t ances  given o f f  by 10-day o l d  u r i n e .  
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The method o f  conducting t h e s e  experiments d i d  

arrangement of t h e  tes ts  f o r  s tudying t h e  f e a t u r e s  of 

of gaseous products  from f r e s h  u r i n e .  The con ten t  of 

( i n  m g / l i t e r )  i n  t h e  a i r  o f  t h e  exTerimentalchamber, 

through 10-day o l d  u r i n e ,  reads as fol lows:  

Ammonia and a l i p h a t i c  amines 

Acetone 

Aldehydes 

Organic a c i d s  converted t o  a c e t i c  acid 

Mercaptans and hydrogen s u l f i d e  

Nitrogen oxides  converted t o  N 0
2 5  
Carbon monoxide 

S u l f i d e  gas 

Hydrocarbons converted t o  C 

Phenols 

Oxygen ( i n  %) 

CO 2 ( i n  %) 


not  d i f f e r  from t h e  

t h e  combined effect  

chemical substances 

af ter  bubbling i t  ' r  

0.0327 
0.0007 
Traces 
0.085 
Traces 
0.007 

0.024 
Traces 
0.093 
0.0014 

20.7 
0.87 

Admission o f  t h i s  mixture  of gases  i n t o  t h e  experimental  chamber caused 

t h e  animals t o  become a g i t a t e d  and i n c r e a s e  t h e i r  r a t e  of r e s p i r a t i o n .  Signs 

of i r r i t a t i o n  of t h e  eyes and upper r e s p i r a t o r y  pathways were observed. 

Following a 2-hour exposure, t h e  animals d id  no t  show any change i n  

t h e  l e v e l  of HbCO i n  t h e  blood o r  i n  t h e i r  c a t a l a s e  a c t i v i t y .  In  a d d i t i o n ,  

we observed an i n c r e a s e  i n  t h e  content  o f  a c e t y l c h o l i n e  i n  t h e  blood with 

p r a c t i c a l l y  cons t an t  a c t i v i t y  of c h o l i n e s t e r a s e  (Figure 6 ) .  This  kind of 

s h i f t  i s  one of t h e  symptoms of i n s u f f i c i e n c y  of t h e  phys io log ica l  system 

ensuring neurohumoral equ i l ib r ium i n  t h e  organism (Al 'pern,  1963). 

Since t h e  gaseous products  of f r e s h  u r i n e  merely placed a stress on 

t h i s  system, t h e  s i g n s  of i t s  i n s u f f i c i e n c y  t h a t  were observed i n  experiments 

with s t o r e d  u r i n e  obviously may be an i n d i c a t o r  of a more pronounced t o x i c  

e f f e c t  of t h e  gaseous products  produced i n  t h e  experiments.  The observed 

e f f e c t  may be caused by a l a r g e  ( r e l a t i v e  t o  t h e  gaseous products of f r e s h  

u r i n e )  content  i n  t h e  a i r  of t h e  chamber of ammonia and a l i p h a t i c  amines, 

o rgan ic  a c i d s ,  hydrocarbons and phenols,  as wel l  as t h e  presence i n  t h e  mix

t u r e  of small amounts of n i t r o g e n  oxides ,  hydrogen s u l f i d e  and s u l f i d e  gas ,  

which were completely absent  from t h e  a i r  above t h e  f r e s h  u r i n e .  I t  should 
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be mentioned t h a t  t h e  b i o l o g i c a l  a c t i o n  of t h e  complex of substances given 

o f f  by 10-day o l d  u r i n e  'was obtained only a f t e r  a 2-hour exposure, while  

t h e  e f f e c t  of the  v o l a t i l e  products  o f  f r e s h  u r i n e  l a s t e d  3 hours .  

Figure 6 .  Effec t  o f  Toxic Substances 
Given  Off by Stored Urine on t h e  
Content of Acetylchol ine ( I )  and 
Ac t iv i ty  of Cho l ines t e ra se  i n  t h e  
Blood ( 1 1 )  o f  W h i t e  Mice. Symbols 
same as  i n  Figure 4 .  

A l l  of  t h e  above l eads  u s  t o  

conclude t h a t  t h e  complex of gaseous 

products from s t o r e d  u r i n e  may 

harbor  g r e a t e r  p o t e n t i a l  danger 

than gaseous products  from f r e s h  

u r i n e .  

Thus, u r i n e  t h a t  i s  s t o r e d  i n  

c o n t a i n e r s  of small volume i n  

s p e c i a l  a r eas  i s  a p o t e n t i a l  source 

of a i r  p o l l u t i o n  by a number of t o x i c  

substances t h a t  have an unpleasant  

odor and an i r r i t a t i n g  and g e n e r a l l y  

t o x i c  e f f e c t .  

The presence of even small  

amounts of t h e s e  substances i n  t h e  atmosphere of a space with a small volume 

can have a nega t ive  effect  on t h e  working a b i l i t y  and general  s t a t e  of h e a l t h  

of an i n d i v i d u a l .  Thus, f o r  example, during t h e  f l i g h t  of t h e  American space

c r a f t  "Gemini 3", Astronaut McDivitt r epor t ed  t o  Mission Control t h a t  i t  was 

extremely unpleasant  f o r  him t o  b rea the  i n  t he  odor of decomposing u r i n e .  

In  view of t h e  f a c t  t h a t  t h e  ma jo r i ty  of t h e  gaseous t o x i c  substances 

a r e  formed by t h e  mic rob ia l  decomposition of organic  products  contained i n  

u r i n e ,  one way t o  reduce t h e  i n t e n s i t y  of gas product ion would be t o  f i n d  a 

method o f  t r e a t i n g  t h e  exc re t ed  u r i n e  with va r ious  a n t i s e p t i c s .  

For t h i s  purpose we can u s e  chemical compounds from t h e  phenol and 

alcohol  groups as wel l  as t h e  s a l t s  of heavy me ta l s ,  e t c .  The r e l a t i v e  

e f f e c t i v e n e s s  of some o f  t h e s e  a n t i s e p t i c s  (germicides) was s t u d i e d  by 

Putnam (1965). 
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The ions  of t h e  heavy metals  (Cu, Fe, Ag, Co, Hg, e t c . )  pceserve t h e  

s t e r i l i t y  of u r i n e  f o r  2-9 months (depending on t h e  concen t r a t ion  of t h e  

metal)  and t h e  o x i d i z i n g  agents  (Cr03, H 2 0 2 ,  HOC1,  N a O C 1 ,  L i N 0 3 ,  KMn04, 

HC104, '  Ca(C10)2, 4H20, e t c )  do t h e  same f o r  pe r iods  o f  2 days t o  2 weeks. 

O f  t h e  many a n t i s e p t i c s  of equ iva len t  e f f e c t i v e n e s s ,  Putnam p r e f e r r e d  

chromium oxide (CrO3 );  whose b a c t e r i c i d a l  p r o p e r t i e s  were roughly equal t o  /54 
t hose  of t h e  ions of t h e  heavy metals  and o x i d i z i n g  agen t s .  I n  a d d i t i o n ,  

chromium oxide i n  t h e  presence of H SO d i d  no t  produce a p r e c i p i t a t e  t h a t2 4  
could block t h e  tub ing  of a u r i n e  r egene ra t ion  system. Other compounds 

t e s t e d  by t h e  au tho r  were e i t h e r  l e s s  e f f e c t i v e  a n t i s e p t i c s  than C r O  o r  e l s e3 

t h e i r  presence provoked t h e  p r e c i p i t a t i o n  of u r i c  ac id  s a l t s .  

In  1965-1967, L .  N .  Rogatina conducted d e t a i l e d  s t u d i e s  t o  f i n d  

e f f e c t i v e  chemical p r e s e r v a t i v e s  f o r  u r i n e .  I n  experiments in v i t r o ,  she 

determined t h e  a n t i s e p t i c  p r o p e r t i e s  of s e v e r a l  s a l t s  of heavy me ta l s ,  

phenol-containi-ng compounds, a n t i b i o t i c s ,  i no rgan ic  and organic  a c i d s ,  

quaternary-ammonium bases  and a number of o t h e r  chemical subs t ances .  A t o t a l  

o f  56 p repa ra t ions  were t e s t e d .  R e  most e f f e c t i v e  u r i n e  p r e s e r v a t i v e s  

(judging by t h e i r  minimal e f f e c t i v e  dose) were: a p repa ra t ion  from a group 

of phenols ,  copper s u l f a t e ,  copper c h l o r i d e ,  thiuram, ' k a t a p i n e '  "K" and 

b r i l l i a n t  green; l e s s  a c t i v i t y  was noted i n  phenyl t r i c h l o r a c e t a t e ,  boron 

t r i c h l o r i d e  and p r e p a r a t i o n s  of s i l v e r  and hexachloraphene. 

One of t h e  p r e s e r v a t i v e s  s e l e c t e d  by L .  N .  Rogatina was used i n  our 

l abora to ry  i n  s tudying t h e  problem of t h e  e f f e c t  of chemical a n t i s e p t i c s  on 

t h e  i n t e n s i t y  of t h e  product ion and l i b e r a t i o n  i n t o  t h e  a i r  of t h e  t o x i c  

substances from s t o r e d  u r i n e ,  The experiments were conducted by L .  N .  

Rogatina, L .  T .  Poddubnaya and V .  I .  Mikhaylov. 

Col lected u r i n e  (2 1) was s t o r e d  i n  two 2 0 - l i t e r  he rme t i ca l ly  s e a l e d  

glass b o t t l e s .  P r e s e r v a t i v e  was added t o  one o f t h e  b o t t l e s  i n  t h e  amount 

of 2.5 g of p r e p a r a t i o n  t o  1 l i t e r  o f  u r i n e .  

P r i o r  t o  a d d i t i o n  of p r e s e r v a t i v e s  and a f t e r  t h e  end o f  t he  s t o r a g e  

pe r iod  (10 days ) ,  t h e  u r i n e  was examined f o r  t h e  presence of microorganisms, 
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as wel l  as t h e i r  number and type.  On t h e  t e n t h  day of t h e  experiment, samples 

of a i r  were drawn from t h e  b o t t l e s  f o r  subsequent chemical a n a l y s i s .  

The experiments t h a t  were performed i n d i c a t e d  t h a t  on t h e  t e n t h  day of 

s t o r a g e  t h e  number o f  microorganisms i n  u r i n e  t o  which no p r e s e r v a t i v e  had 

been added had inc reased  from t e n s  t o  b i l l i o n s  of mic rob ia l  bodies  p e r  m l .  

Addition of p r e s e r v a t i v e  t o  t h e  u r i n e  almost completely h a l t e d  growth of t h e  

organisms. The p r e s e r v a t i o n  effect  i n  t h i s  ca se  was p r a c t i c a l l y  100% (Table /55 

13) .  

T A B L E  13. N U M B E R  OF M I C R O O R G A N I S M S  I N  1 m l  O F  U R I N E  
STORED FOR 10 DAYS ( A V E R A G E  DATA FROM 8 EXPERIMENTS). 

. .  _ -

Data Without W i t h  
- p r e s e r v a t i v ep r e s e r v a t i v e  i

-

Original level 90 .5  t 15 7 7 4 . 2  2 85.3  
After  10 days  4 . 8 ~ 1 0 ~  109 6 . 2 5  t 3 . 0  

Data on t h e  e f f e c t  of t h e  p r e s e r v a t i v e  on t h e  i n t e n s i t y  of t h e  produc

t i o n  and l i b e r a t i o n  of s e v e r a l  t o x i c  substances from 10-day u r i n e  a r e  shown 

i n  Table 14 .  

I t  i s  c l e a r  from t h e  Table t h a t  t h e  a d d i t i o n  of a p r e s e r v a t i v e  reduced 

t h e  l i b e r a t i o n  of ammonia and a l i p h a t i c  amines, acetone,  v o l a t i l e  organic  

a c i d s ,  n i t rogen  oxides and phenols i n t o  t h e  a i r  above t h e  s t o r e d  u r i n e ,  and 

did no t  have any n o t i c e a b l e  e f f e c t  on t h e  l i b e r a t i o n  o f  carbon monoxide and 

organic  compounds, determined in toto by carbon. 

Ca lcu la t ions  show t h a t  i n  comparison with background t e s t s  t h e  preserva

t i v e  i n  ques t ion  reduced t h e  l i b e r a t i o n  i n t o  t h e  a i r  of substances from t h e  

ammonia group by a f a c t o r  of 47 on t h e  average, from t h e  acetone group by 

about 1 .4  and from t h e  f a t t y  a c i d s  by more than  9 .  A s  a r u l e ,  n i t r o g e n  oxides 

were p re sen t  i n  t h e  a i r  above t h e  u r i n e  i n  t r a c e  amounts, while i n  t h e  c o n t r o l  

experiments t h e i r  con ten t  i n  5 samples out of 8 v a r i e d  from 0.004 t o  

0.036 m g / l i t e r s  . 
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TABLE 14. EFFECT OF PRESERVATIVE ON THE INTENSITY OF EMISSION OF CERTAIN 
GASEOUS TOXIC SUBSTANCES BY URINE STORED FOR TEN DAYS. 

Amount of chemical substances, mg/lOO in1 urine 
Without preservative I With meservative-

1 Organic 1 organic- Nitroger 
Ammonia and/ 1 acids acids oxides Car-
aliphatic a- Ketones converte Ke- I, convert- convert- bon 

ed to d to ion-.mines I
i 

\ t o  acetic 'tones j acetic q2°5 mide :arboni acid , acid 
I I -

I I I 
0',0031 3,028 

0.01s lU.0010' 0.U0'17 0,0025 0,O'S - ~0,0011 
Traces 0,034 

r) 	 0,0L4 
-0 

Traces - 0,200'L /0,0U37 
)) 0,02't 0,000 LO,ou0s 

0,~1005! 0,Olti 9 0,014 L\,170 /0,000G 
0,0007: 0,014. - 0,Olti 0 , l M  I0,CUOS 

I I 

Commas indicate decimal points. 




I f  w e  compare t h e s e  d a t a  wi th  t h e  b a c t e r i o s t a t i c  e f f e c t  o f  t h e  p r e s e r 

v a t i v e ,  we can conclude t h a t  product ion of t h e  gaseous chemical substances 

l i s t e d  above depends mainly on mic rob ia l  decomposition of u r e a  and o t h e r  

organic  compounds which go t o  make up u r i n e .  As far as t h e  carbon monoxide 

i s  concerned, i t s  l i b e r a t i o n  from s t o r e d  u r i n e  i s  c l e a r l y  no t  r e l a t e d  t o  t h e  

v i t a l  a c t i v i t y  of t h e  microorganisms, s i n c e  i n t r o d u c t i o n  of a p r e s e r v a t i v e  

had no s i g n i f i c a n t  e f f e c t  on i t s  product ion.  

Hence, t h e s e  experiments showed t h a t  with t h e  a i d  of a p r e s e r v a t i v e  it 

i s  p o s s i b l e  t o  achieve s i g n i f i c a n t  r educ t ion  of t h e  l i b e r a t i o n  of s e v e r a l  

t o x i c  substances from s t o r e d  u r i n e  and simultaneously t o  reduce p o t e n t i a l  

danger from t h e  gases  l i b e r a t e d  from u r i n e  as a whole. 

- ~~ ~--Characteris-t ics o f  Gaseous Chem-ica1 Substances Given-Off By Feces 

The amount of f e c e s  exc re t ed  by an i n d i v i d u a l  depends on t h e  n a t u r e  

and amount of i nges t ed  food, t h e  func t ion ing  of t h e  g a s t r o i n t e s t i n a l  t r a c t  

and t h e  p e c u l i a r i t i e s  of metabolism, and amounts t o  250-2,300 g/day. Fecal 

mat ter  con ta ins  about 75% water ;  25-30% of i t s  weight comes from b a c t e r i a  

t h a t  are p a r a s i t i c  i n  t h e  i n t e s t i n e ,  while  t h e  remainder c o n s i s t s  of undigested 

food (16-20% of t h e  d ry  substance of t h e  f eces )  and o t h e r  m a t e r i a l s .  The 

f eces  c o n t a i n  a cons ide rab le  amount of products of p r o t e i n  metabolism--amino 

a c i d s ,  e t c . ,  l i p i d s ,  n e u t r a l  f a t s ,  and f r e e  f a t t y  a c i d s  (about 2 g/day);  

b i l e  pigments and t h e  products  of t h e i r  decomposition, s t e r c o b i l i g e n  and f e c a l  

s t e r c o b i l i n  (about 0 .5  g/day) ,  some mineral  substances--calcium, phosphorus, 

magnesium, i r o n ,  phosphates,  aluminum, copper,  mercury, n i c k e l ,  s u l f u r ,  z i n c ,  

sodium (Altman, D i t t m e r ,  1964). Human f e c e s  con ta in  0.02-0.16% of ammonia /57 
(Goiffon, 1925). According t o  l a t e r  d a t a ,  t h e  amount of ammonium n i t r a t e  i n  

t h e  f e c e s  i s  0.36-120 mg p e r  kg of body weight (Altman, Dittmer,  1964) . 7  

. .= _ _ - - . . .-.- ... . . . .. ... . . . . . . ~~~ - - . .  

The content  of t o t a l  n i t r o g e n  i n  t h e  d a i l y  p o r t i o n  of f eces  (average d ry  
weight = 50 g) v a r i e s  from 1,050 t o  1,950 mg, t h e  amount of ammonium n i t r a t e  
from 2.5 t o  500 mg, and t h e  amount of n i t r o g e n  i n  n i t r a t e  form, from 
0 t o  160 mg (Kozyrevskaya, e t  a l . ,  1967). 
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A s  a r e s u l t  of t h e  v i t a l  a c t i v i t y  o f  a e r o b i c  and anaerobic  microor

ganisms i n  t h e  f e c e s ,  products  appear which are u s u a l l y  no t  formed i n  t h e  

course of metabolism c h a m c t e r i s t i c  of man. For  example, t h e  micro

b i a l  breakdown of c y s t e i n e  contained i n  t h e  f e c e s  l eads  t o t h e  formation o f  

hydrogen s u l f i d e ;  t h e  breakdown of t ryptophane l i b e r a t e s  i n d o l e  and s k a t o l e  

i n t o  t h e  atmosphere, causing t h e  c h a r a c t e r i s t i c  odor of f e c e s .  

Under t h e  i n f l u e n c e  o f  m i c r o f l o r a  i n  t h e  i n t e s t i n e ,  t h e r e  i s  breakdown 

and deca rboxy l i za t ion  of amino a c i d s  t o  form v a r i o u s  amines. Chromatographic 

a n a l y s i s  of f r e s h  f e c e s  has determined t h e  presence of t h e  fol lowing:  

methylamine, dimethylamine, ethylamine, diethylamine,  propylamine, butylamine, 

amylamine, phenylethylamine, tyramine, p u t r e s c i n e ,  cadaverine,  ethanolamine, 

t a u r i n e  and kynurenine.  In  a d d i t i o n ,  c e r t a i n  amino a c i d s  are formed: l y s i n e ,  

a l a n i n e  and a r g i n i n e  (van Rheenen, 1962). 

Microbial  decomposition of t y r o s i n e  i s  observed t o  l ead  t o  t h e  form

t i o n  of tyramine and phenol.  In  a d d i t i o n  t o  t h e  products  l i s t e d  above, t h e  

f eces  con ta in  carbohydrates  and t h e  products  of t h e i r  breakdown by enzymes, 

t h e  organic  a c i d s  ( a c e t i c ,  l a c t i c ,  and b u t y r i c ) .  The f e c e s  always con ta in  

carbon d iox ide  gas ,  hydrogen, methane, p a r a c r e s o l ,  parahydoxyphenylpropionic 

a c i d  and o t h e r  chemical substances (Mangelsdorf, 1959). They a l s o  con ta in  

vi tamins and compounds c l o s e l y  resembling them: thiamine,  ca ro tene ,  

xanthophyl l ,  b i o t i n ,  r i b o f l a v i n ,  a s c o r b i c  a c i d  and Vitamin E (Altman, Dittmer,  

1964). A t  t h e  p r e s e n t  t ime,  modern methods of chemical a n a l y s i s  l i s t  a t o t a l  

of 196 chemical compounds i n  f eces  (Weber, 1967). 

However, no t  a l l  of t h e  substances e n t e r i n g  i n t o  t h e  composition of 

f e c e s  are v o l a t i l e  and can e n t e r  t h e  surrounding a i r .  The l i s t  of chemical 

compounds t h a t  e x h i b i t  p o s s i b l e  danger inc ludes  mainly such gaseous substances 

as amines, organic  a c i d s ,  phenols ,  hydrogen s u l f i d e  and mercaptans, i n d o l e ,  

s k a t o l e  and some o t h e r  subs t ances .  

Data on t h e  amounts of t h e s e  substances i n  t h e  a i r  above f eces  a r e  

l i m i t e d .  According t o  Clemedson (1959), 100 g o f  f e c e s  con ta in  about 60 mg of 

i ndo le ,  and t h e  amount of it generated by t h e  d a i l y  output  o f  f e c e s  i s  about 
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90 mg. Therefore ,  we c a r r i e d  out s p e c i a l  s t u d i e s  i n  our l abora to ry  t o  

determine t h e  amounts of t h e  b a s i c  gaseous substances t h a t  can e n t e r  t he  

atmosphere from f r e s h l y  exc re t ed  human f e c e s  (Kustov e t  a l . ,  1967). 

The methodology of t h e s e  experiments was t h e  fol lowing:  f r e s h l y  

c o l l e c t e d  human f e c e s  were placed i n  he rme t i ca l ly  s e a l e d  g l a s s  d e s i c c a t o r s  

with a volume of 8 1. I n  t h e  a i r  of one of t h e  d e s i c c a t o r s ,  we (determined t h e  

amount of ammonia and i t s  compounds, hydrogen s u l f i d e  and mercaptans, phenols ,  

v o l a t i l e  organic  a c i d s ,  i n d o l e  and s k a t o l e .  To do t h i s ,  a l l  o f  t h e  a i r  from 

t h e  d e s i c c a t o r  was evacuated by a blower through a system of  chemical abso rbe r s .  

As t h e  a i r  i n  t h e  d e s i c c a t o r  became more r a r e f i e d ,  room a i r  was admitted 

a f t e r  f i r s t  being cleaned i n  columns with s o l i d  a l k a l i ,  s i l i c a  g e l ,  pumice, 

s a t u r a t e d  s u l f u r i c  a c i d  and h o p c a l i t e .  The i n t a k e  tubes i n  t h e  d e s i c c a t o r  

were arranged s o  t h a t  t h e  p u r i f i e d  a i r  blew over t h e  f e c e s .  A i r  samples 

were c o l l e c t e d  2 hour s  l a t e r .  

A second d e s i c c a t o r  was kept c losed  f o r  2 hours ( t o  ob ta in  comparative 

r e s u l t s ) .  Then the  a i r  from it was c o l l e c t e d  i n  evacuated c o n t a i n e r s  f o r  

subsequent determinat ion of t h e  amounts of carbon monoxide, hydrocarbons, 

n i t rogen  oxides ,  oxygen and carbonic  a c i d .  

The determinat ion of t h e  amounts of harmful substances was done by 

s tandard methods used i n  i n d u s t r i a l  and s a n i t a t i o n  chemistry (Alekseyeva 

e t  a l . ,  1954; Peregud and Gernet, 1965;).  The content  of t o x i c  substances /59 
was c a l c u l a t e d  on t h e  b a s i s  of 100 g of f r e s h l y  excreted f eces  (Table 15) .  

I t  i s  c l e a r  from t h e  Table t h a t  t h e  content  o f  t o x i c  substances l i s t e d  

i n  each o f  t h e  11 experiments was s u b j e c t  t o  s i g n i f i c a n t  v a r i a t i o n s ,  apparent

l y  r e l a t e d  t o  t h e  con ten t  of b a c t e r i a l  f l o r a  i n  t h e  i n t e s t i n e s  of t h e  v a r i o u s  

s u b j e c t s  and t h e  manner of c o l l e c t i o n  of t h e  f e c e s .  

In a d d i t i o n ,  t h e  d a t a  obtained show t h a t  during t h e  f i r s t  two hours 

f r e s h l y  c o l l e c t e d  f e c e s  g ive  o f f  cons ide rab le  amounts of hydrocarbons, carbon 

monoxide, v o l a t i l e  organic  a c i d s ,  n i t r o g e n  oxides ,  phenols ,  and a l s o  ammonia 

and a l i p h a t i c  amines. Mercaptans and hydrogen s u l f i d e  were found i n  t r a c e  

amounts. Indole  and s k a t o l e  were found i n  5 cases  ou t  o f  11, 
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TABLE 15. AMOUNTS OF CERTAIN TOXIC SUBSTANCES GIVEN OFF 
I N T O  THE A I R  BY FRESH FECES ( i n  mg/100 9). 

~
. _ _  . . -

Or anicAmmo-ni: Mercap- acfds corand abp- tans and .%en- .Indole verted to Carbon 
phatics a, h drogen ols skaTde acetic monoxide
mines d f i d e  scjd____-~ 

0,052 Traces 0,011 0 Traces '0,007 0,110 
0,035 	 B 0,con 0 - 0,005 0,258 0,oz:: 
- 0 0,OW 0 0,079 o,oi'! 1 ,7SO 0,031 
- 0 0 ,COG D 0,1::s 0,OiI; 0,CigG 0 

0,OOS Traces 0,013 0 0 , l l l  0,003 0,173 0 
0,062 )> 0,010 Traces 0,133 Traces 0,636 '0 

0 >) - 0 0 0 , O i S  - 0 , l i O  
0 0 - Traces 0,203 0,03i - 0,491 

0,011 0 0,011 0,007 0,310 0 ,2:'x .I ,230 0,3:10 
0 
0 

Traces 
0,133 

O,0@G 
I 

0 ,('0s 
0,013 

0,816 
0,500 

@,I? : ;  
0 , C O i  

I ,4:.0 
-

0 
-

~ . .. . -. - . . -

A r  0 ,n ig  - 0,009 - 0,233 0,oc I 0,s02 I 0,122 

Commas i n d i c a t e  decimal p o i n t s .  

If t h e  amounts of t o x i c  substances l i s t e d  i n  t h e  Table were allowed t o  

e n t e r  a s t anda rd  cab in  f o r  2 hours ,  t h e i r  p o s s i b l e  content  i n  t h e  atmosphere 

could reach t h e  va lues  shown i n  Table 16. 

T A B L E  16. P O S S I B L E  CONTENT OF C E R T A I N  CHEMICAL SUBSTANCES 
G I V E N  OFF BY FRESHLY COLLECTED FECES I N  THE ATMOSPHERE OF 
A STANDARD C A B I N .  

Substance 

- - . 

Ammonia and 
aliphatic amines 
Mercaptans and -
hydrogen sulfide . 
Phenols . . - . . 
Indole and skatole 

Commas 

64 

20 

3 
s 
-

rganic acids conterted to acetic
c i d , . l t . .  . 2 

itrogen oxides con
erted to N205 s J # 

Carbon monoxide 
Hydrocarbons
converted t? I ,  . . 
carbon 0 8 

i nd ica t e  decimal p o i n t s .  
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I t  fol lows from t h e  Table t h a t  t h e  p o s s i b l e  con ten t  of each of t h e  

t o x i c  substances i n  t h e  atmosphere of t h e  cab in  t h a t  i s  included i n  t h e  com

p o s i t i o n  of t h e  gaseous substances given o f f  by 100 g o f  f r e s h l y  excreted 

f e c e s  does no t  reach t h e  l i m i t  of i t s  a t t a i n a b l e  concen t r a t ion .  I t  was 

p o s s i b l e  t o  sugges t ,  however, t h a t  by t h e i r  combined a c t i o n  on t h e  organism, 

t h e s e  concen t r a t ions  ( s a f e  a t  f i r s t  glance) could have a s i g n i f i c a n t  effect  

on t h e  o v e r a l l  b i o l o g i c a l  e f f e c t  of t h e  gases  given o f f  by f r e s h l y  c o l l e c t e d  

f e c e s .  We devoted our later experiments t o  t e s t i n g  t h i s  hypo thes i s .  * 
The experiments were performed on white  male mice weighing 20-22 g.  /60 

The animals were placed i n  g l a s s  d e s i c c a t o r s ,  t o  which p u r i f i e d  room a i r  

t h a t  had been passed through a chamber con ta in ing  f r e s h l y  c o l l e c t e d  f e c e s  

had been added i n  advance. The exposure o f  t h e  animals t o  t h e  gaseous pro

duc t s  of t h e  f eces  l a s t e d  2 hours .  The con ten t  of chemical substances 

( i n  mg/L) i n  t h e s e  gaseous products  was as fo l lows :  

Ammonia and a l i p h a t i c  amines 0.0002 
Aldehydes Traces 
Acetone 0 .0002 
Organic a c i d s  converted t o  a c e t i c  ac id  0 .02  
Indole  0.0001 
Mercaptans and hydrogen s u l f i d e  0.0005 
Nitrogen oxides converted t o  N 02 5  Traces 

Carbon monoxide 0 .029  
S u l f i d e  gas 0 .0004 
Hydrocarbons converted t o  "C" 0.102 
Phenols 0.0006 
Carbon d iox ide  ( i n  %) Approx. 1 
Oxygen ( i n  %) Approx. 2 0 . 2  

To e s t ima te  t h e  b i o l o g i c a l  e f f e c t  of t h i s  complex of substances on t h e  

animals,  we determined t h e  l a t e n t  t ime of t h e  f l e x o r  r e f l e x  and t h e  same 

biochemical i n d i c e s  as i n  t h e  experiments s tudy ing  t h e  f e a t u r e s  of t h e  t o x i c  

e f f e c t  o f  t h e  gases  given o f f  by u r i n e .  

. . .  . . . . - . .  .... - - .. - - - .~~

* The experiments were conducted by u s  i n  conjunct ion with V .  I .  Mikhaylov 
and L .  T.  Poddubnaya (unpublished d a t a ) .  
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The experiments t h a t  were conducted showed t h a t  during t h e  f irst  20-25 

minutes of exposure t o  a l l  o f  t h e  gaseous products  from f r e s h  f eces  t h e  

animals evidenced motor s t i m u l a t i o n  and an inc reased  r a t e  of r e s p i r a t i o n .  

The white  mice l o s t  t h e i r  a p p e t i t e s  and c losed  t h e i r  eyes .  Then t h e  i r r i t a t 

ing e f f e c t  of t h e  mixture  g r a d u a l l y  decreased.  About 1 hour a f t e r  t h e  be

ginning of exposure, t h e  animals calmed down, s a t  immobile, and huddled i n  

t h e  co rne r s  of t h e  chamber. 

A t  t h e  end o f  t h e  exposure pe r iod ,  t h e  animals showed a s t a t i s t i c a l l y  

r e l i a b l e  i n c r e a s e  i n  t h e  l e v e l  o f  carboxyhemoglobin (Figure 8) and a c e t y l 

cho l ine  (Figure 7) i n  t h e  blood. The a c t i v i t y  of c h o l i n e s t e r a s e  and c a t a l a s e  

i n  t h e  blood remained p r a c t i c a l l y  cons t an t  (Figure 9 ) .  

i; 
1-r-1
I 

- 1  1 

I % 


Given O f f  by Freshly Excreted Feces Given O f f  by Freshly Excreted Feces 
on t h e  Level o f  Acetylchol ine i n  t h e  on the Carboxyhemoglobin Content 
Blood of W h i t e  Mice. 1 ,  I n t a c t  a n i - o f  t h e  Blood of W h i t e  Mice. Symbols 
mals; 2 ,  before  t h e  e f f e c t ;  3 ,  After  same a s  i n  Figure 7. 
t h e  e f f e c t .  I n  t h e  t r i a n g l e s :  number 
o f  animals.  

The r h a n u e s  t h a t  w e r e  noted i n  the chol ines te rase-ace tv lchol ine  svstem 

in t h P  r l i r e c t i n n  n f  enme a r r i i m i i l a t i n n  n f  t h e  l a t t e r .  as w e l l  as the i nc rease  

i n  +hp 1 a + e n +  n p r i n r l  n f  t h e  f l e x o r  r e f l e x  CFimre 101 t h a t  was o b s e r x d  i n  

t h o  n v n a r i m n n f c  g n n a r n n + l u  i n A i  r a + e c  c n m e  c i i h c n m n e n c a t i n n  i n  t h e  n h v c i n l n u i r a l  

z v z t e m  w h i  r h  enc i i res  neurohumoral e?niii 1 ih r i i i m  in + h e  nrnQm,;r m  
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Figure 9.  Effect  of Toxic Substances Figure 10. Effect  of Toxic Substances 
G i v e n  Off by  Freshly Excreted Feces G i v e n  Off by Freshly Excreted Feces 
on Catalase ( I )  and Chol i n e s t e r a s e  on t h e  Length of t h e  Latent Period 
( 1 1 )  A c t i v i t y  i n  t h e  Blood of White of t he  Flexor Reflex i n  White Mice. 
Mice. Symbols same as  Figure 7 .  Symbols same as  f i g u r e  4 .  

A l l  of t h i s  l eads  us  t o  conclude t h a t  t h e  t o x i c  substances e n t e r i n g  

i n t o  t h e  composition of t h e  gaseous products  given o f f  by f r e s h  f e c e s ,  even 

though they  occur i n  ve ry  small amounts, i n  t h e i r  combined e f f e c t  i n  t h e  

t o t a l  mixture a r e  not i n d i f f e r e n t  i n  t h e i r  e f f e c t  on the  organism. 

~ --~_____- ___- . . . . -Substances ~~ Off by StoredHygienic C h a r a c t e r i s t i c s  o f  Gaseous~~~ Chemical . - .  . . G i v e n..-- ~ 

Feces 

The m i n e r a l i z a t i o n  o f  t h e  organic  compounds t h a t  e n t e r  i n t o  t h e  composi- /62 
t i o n  of excreted f eces  occurs i n  t h e  course o f  complex b i o l o g i c a l ,  chemical 

and phys ica l  r e a c t i o n s .  An important r o l e  i n  t h e s e  t r ans fo rma t ions  i s  played 

by t h e  microorganisms which v e g e t a t e  on f e c e s .  

The microbial  decomposition of organic  compounds of  f e c e s ,  beginning 

a l r eady  i n  t h e  i n t e s t ' i n e s ,  i s  accompanied by t h e  l i b e r a t i o n  i n t o  t h e  surround

ing medium o f  substances which a r e  d i v e r s e  i n  t h e i r  chemical a f f i l i a t i o n s .  

Some of t h e s e  substances belong t o  t h e  ve ry  same chemical groups that w e  

determined i n  previous experiments.  

However, t h e i r  con ten t  i n  t h e  gaseous products  from s t o r e d  f eces  can 

i n c r e a s e  s i g n i f i c a n t l y .  I n  a d d i t i o n ,  i t  i s  p o s s i b l e  f o r  t h e s e  gaseous 
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components t o  i n c l u d e  some chemical substances which were n o t  found i n  t h e  

a i r  above f r e s h  feces. 

A l l  of  t h i s  can increase t h e  p o t e n t i a l  danger of t h e  gaseous products  

o f  feces, s t o r e d  i n  s p e c i a l  c o n t a i n e r s  aboard modern a i r c ra f t .  

I n  o rde r  t o  determine t h e  degree o f  t h i s  danger ,  w e  determined t h e  

amount of c e r t a i n  gaseous chemical substances t h a t  e n t e r  t h e  a i r  from s t o r e d  

f e c e s ,  and s t u d i e d  t h e  b i o l o g i c a l  effect  of an e n t i r e  complex of substances 

t h a t  e n t e r  i n t o  t h e  composition of  t h e s e  gaseous p roduc t s .  

We conducted experiments i n  conjunct ion with V .  I .  Mikhaylov and L .  T .  

Poddubna ( c f .  Kustov e t  a l . ,  1967). The methodology of t h e  experiments was 

t h e  same as i n  t h e  experiments i n  which w e  determined t h e  amounts of c e r t a i n  

gaseous substances i n  t h e  a i r  above f r e s h  f e c e s .  The r e s u l t s  of t h e s e  

experiments a r e  shown i n  Table 17. 

T A B L E  17. AMOUNTS OF B A S I C  G A S E O U S  C H E M I C A L  
SUBSTANCES FOUND I N  THE A I R  A B O V E  FECES STORED 
FOR 5 DAYS. 
I_--

Substance Amount, ng/ lOO g of x e s  ~--
Average of 
-

Ammonia and a l i p h a t i c  amines 1.930' 0.050 1.348 
A1 dehydes Traces Not found 
Ketones 0.352 Traces 0.159 
Organic ac ids  converted t o  
a c e t i c  ac id  1.490 0.116 0.855 

Indole 0.07-0.037 Not found 0.021 
Mercaptans and hydrogen 

s u l f i d e  Traces Not found 
Nitrogen oxides converted t o  

Maxi m u m  M i n i m u m  5 measurements 

N2°5 1.010 0.005 0.276 

Carbon monox id e  0.063 0.002 0.023 
S u l f i d e  gas 0 * 330 0.0001 0.082 
Hydrocarbons converted t o  C 1.975 0 .285  0.901 
Pheno 1 s 0.140 0.016 0.081 

4 


The Table shows t h a t  t h e  fol lowing substances were found i n  t h e  a i r  

above s t o r e d  f e c e s :  ammonia and a l i p h a t i c  amines, ketones,  organic  a c i d s ,  

i ndo le ,  hydrogen s u l f i d e  with mercaptans, n i t r o g e n  ox ides ,  carbon monoxide, 
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phenols and hydrocarbons, i . e . ,  t h e  same chemical substances t h a t  were found 

i n  t h e  a i r  above f r e s h l y  exc re t ed  feces. I n  a d d i t i o n  t o  t h e  chemical sub

s t ances  l i s t e d  above, t h e  gaseous products from f e c e s  s t o r e d  f o r  5 days 

always included s u l f i d e  gas.  

I t  i s  a l s o  apparent  from t h e  Table t h a t  t h e  amount of chemical sub

s t a n c e s  i n  t h e  a i r  above f e c e s  s t o r e d  f o r  5 days var ies  wi th in  cons ide rab le  

l i m i t s ,  which can b e  explained by p e c u l i a r i t i e s  i n  t h e  e a t i n g  regimen of 

each "donor", t h e  n a t u r e  o f  t h e  mic ro f lo ra ,  and o t h e r  r easons .  

A comparison of t h e  average amounts of c e r t a i n  gaseous substances 

observed i n  t h e  a i r  above f r e s h  f eces  and those  t h a t  had been s t o r e d  f o r  5 

days shows t h a t  i n  t h e  l a t t e r  ca se  t h e  emission i n t o  t h e  a i r  o f  ammonia and /63 

a l i p h a t i c  amines inc reased  more than 70 t imes,  t h e  organic  ac ids  by more than 


3.3 t imes,  n i t rogen  o x i d e s , 4 . 5  t imes ,  and phenols by about 9 t imes (Table 18) I 


The content  of organic  substances (hydrocarbons) i n  t h e  a i r  above f r e s h  f eces  


and those t h a t  had been s t o r e d  showed p r a c t i c a l l y  no v a r i a t i o n ,  and t h e  


amount of carbon monoxide even decreased s l i g h t l y .  


T A B L E  18. A V E R A G E  AMOUNTS OF C E R T A I N  GASEOUS C H E M I C A L  
SUBSTANCES G I V E N  OFF BY FRESH A N D  STORED FECES. 

Substance 

~ 

Ammonia and a1 iphat i c  amines 
Organic ac ids  converted t o  

a c e t i c  ac id  . . . . . . . . . . . . . . . . .  
Nitrogen oxides converted 

t o  N205..................... 
Hydrocarbons converted t o  C 
Carbon monoxide . . . . . . . . . . . . . .  
Phenols ...................... 

.____ 

Amount, mg/100 g 

o f  f eces  Change 

-Fresh 1 Ttot-ed 
- 5 days 

~ 

0.019 1 1.348 +70.9 

0.259 I 0.855 +3.3 

0.061 1 0.276 I +4,5 

0.802 0.901 I + 1 . 1  
0.122 0.023 I -5 .3  
0.009 0.081 +g.o 

The d i f f e r e n c e s  found i n  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  c h a r a c t e r i s t i c s  

o f  t h e  gaseous products  from f r e s h  and s t o r e d  f e c e s  must r e f l e c t  t h e  n a t u r e  of 

t h e i r  b i o l o g i c a l  e f f e c t .  
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We assigned V. I .  Mikhaylov and L .  T.  Poddubnaya t o  conduct a s p e c i a l  
i n v e s t i g a t i o n  t o  examine t h e  f e a t u r e s  o f  t h e  combined a c t i o n  of t h e  gaseous 

t o x i c  substances given o f f  by human f e c e s  s t o r e d  i n  h e r m e t i c a l l y  sealed 

g l a s s  d e s i c c a t o r s  f o r  5 days.  

The methodology o f  t h e s e  experiments was t h e  same as t h a t  f o r  t h e  

experiments i n  s tudy ing  t h e  f e a t u r e s  of t h e  b i o l o g i c a l  e f f e c t  of t h e  gaseous 

products  from f r e s h  f e c e s .  The b i o l o g i c a l  e f f e c t  was measured with t h e  same 

biochemical and phys io log ica l  i n d i c a t o r s  t h a t  were used i n  t h e  preceding 

experiments.  

The con ten t s  of chemical substances ( i n  m g / l i t e r )  i n  t h e  gaseous products 

given o f f  i n t o  t h e  chamber a r e  l i s t e d  below: 

Ammonia and a l i p h a t i c  amines 

A 1dehyd es 

Acetone 

Organic a c i d s  converted t o  a c e t i c  ac id  

Indole 

Mercaptans and hydrogen s u l f i d e  

Nitrogen oxides converted t o  N 0
2 5  
Carbon monoxide 

S u l f i d e  gas 

Hydrocarbons converted t o  C 

Pheno 1s 

Carbon d iox ide  


0.0032 
Not found 
0.001 
0.018 
0.00003 
Traces 
Traces 

0.018 
0.001 
0.18 
0.0006 
1 . 2 0  

Admission of t h i s  complex of gaseous substances i n t o  t h e  experimental  /64 
chamber produced phenomena i n  t h e  animals t h a t  were c h a r a c t e r i s t i c  of t h e  

a c t i o n  of i r r i t a n t  gases .  These r e a c t i o n s  d i e d  down only toward t h e  end of 

t h e  second hour of exposure.  The animals calmed down and t h e i r  b rea th ing  

became uniform. 

After  t e rmina t ing  exposure,  t h e  animals manifested an i n c r e a s e  

i n  t h e  time of t h e  l a t e n t  pe r iod  of t h e  f l e x o r  r e f l e x  i n  response t o  a 

s i n g l e  p u l s e  of e l e c t r i c  c u r r e n t  (Figure l l ) ,  a s t a t i s t i c a l l y  s i g n i f i c a n t  

i n c r e a s e  i n  t h e  HbCO i n  t h e  blood was observed (Figure 1 2 ) ,  and t h e r e  was 

a d e f i n i t e  tendency toward an i n c r e a s e  i n  t h e  amount of ace ty l cho l ine  and 

a d e f i n i t e  drop i n  c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  blood (Figure 13) .  
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1 2  

Figure 1 1 .  Effect  of Toxic Substances 

Given  Off by Stored Feces on t h e  

Value of t h e  Latent Period of t he  

Flexor Reflex i n  \ W h i t e  Mice. Symbols. 

same as i n  Figure 4 .  


I
pJ
17 M 17 I? 311 7 

Figure 13. f f f e c t  of Toxic Substances 

Given Off by  Stored Feces on t h e  Con

t e n t  of Acetylchol ine ( I )  and Choline

s t e r a s e  A c t i v i t y  ( I  I )  i n  t h e  Blood of 

White Mice. Symbols same a s  i n  

Figure 7.  


ifI 
Figure 1 2 .  E f fec t  of Toxic S u b 
s t ances  Given Off by Stored Feces 
on t h e  Carboxyhemoglobin Content i n  
t h e  Blood of W h i t e  Mice. Symbols 
same as  i n  Figure 7 .  

A l l  of  t h e  changes j u s t  men- /65 
t i oned ,  i n  t h e i r  degree and d i r e c t i o n ,  

a r e  p r a c t i c a l l y  t h e  same as those 

d i s tu rbances  t h a t  were noted i n  

animals sub jec t ed  t o  the  e f f e c t  of 

gaseous products  given o f f  by f r e s h  

f e c e s .  Therefore ,  t h e s e  experiments 

d i d  not  permit us  t o  draw any con

c lus ions  as t o  whether t he  t o t a l  

b i o l o g i c a l  e f f e c t  of t h e  gaseous 

products  given o f f  by s t o r e d  f eces  

exceeds t h e  t o x i c  e f f e c t  of t h e  

mixture o f  t o x i c  chemical substances 

t h a t  e n t e r  t h e  a i r  from f r e s h  f e c e s .  

However, t h e  d a t a  t h a t  were obtained do allow us t o  conclude t h a t  t h e  t o x i c  

substances contained i n  t h e  gaseous products  given o f f  by s t o r e d  f eces  a r e  

f a r  from being harmless as f a r  as t h e i r  e f f e c t  on t h e  organism i s  concerned, 

s i n c e  they  can cause no t  only an i r r i t a n t  e f f e c t  b u t  a l s o  l ead  t o  t h e  develop

ment of g e n e r a l l y  t o x i c  symptoms. 
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The t o x i c o l o g i c a l  danger o f  t h e  chemical substances given o f f  by feces 

r e q u i r e s  t h e  development of a s e r i e s  of measures t o  l i m i t  t h e  p o s s i b i l i t y  of 

e n t r y  o f  harmful a d d i t i v e s  t o  t h e  atmosphere of h e r m e t i c a l l y  s e a l e d  environments. 

Mong t h e s e  measures, a g r e a t  d e a l  of emphasis must b e  placed on t h e  

discovery of chemical substances whose u s e  can suppress  t h e  processes  of 

decay and f e rmen ta t ion  o f  e x c r e t a  with t h e  p a r t i c i p a t i o n  of microorganisms 

and a t  t h e  same time can considerably reduce t h e  l i b e r a t i o n  i n t o  t h e  a i r  of 

gaseous fou l - sme l l ing  t o x i c  compounds. 

A t  t h e  p re sen t  t ime, a g r e a t  many chemical substances a r e  used f o r  t h e  /66 

d i s i n f e c t i o n  of human wastes ,  i nc lud ing  f e c a l  m a t t e r :  c h l o r i n e  p r e p a r a t i o n s  

(bleaching powder, calcium hypoch lo r i t e ,  chloramine, e t c . ) ,  phenol prepara

t i o n s  ( c r e s o l ,  l y s o l ,  phenol and t h e i r  d e r i v a t i v e s ,  e t c . ) ,  and o t h e r  sub

s t ances  (Rogatina,  1967). 

However, no t  a l l  of them can be used f o r  t h e  p r e s e r v a t i o n  of f e c e s  

s t o r e d  i n  s p e c i a l  c o n t a i n e r s  i n  he rme t i ca l ly  sea l ed  l o c a t i o n s ,  because t h e  

ma jo r i ty  have a sha rp  odor,  cons ide rab le  t o x i c i t y ,  and can corrode me ta l s .  

Therefore ,  work i s  c u r r e n t l y  under way i n  an e f f o r t  t o  f i n d  chemical p re se rva 

t i v e s  f o r  f e c e s  which would be f ree  of t h e  above-mentioned d e f e c t s  bu t  would 

have a high a n t i m i c r o b i a l  a c t i v i t y .  In  v i t r o  s t u d i e s  conducted by L .  N .  

Rogatina (1967) have shown t h a t  such p r o p e r t i e s  a r e  possessed by s i l v e r  

f l u o r i d e ,  s i l v e r  n i t r a t e ,  s i l v e r  s u l f a t e ,  copper s a l t  I r B l r ,  copper s u l f a t e ,  

i od ine  c r y s t a l s ,  "feziomon", catamine "K", and FTA. 

Of t h e s e  substances,  t h e  most e f f e c t i v e  a r e  t h e  s a l t s  of s i l v e r  and 

copper. P re se rva t ion  of f e c e s  by p r e p a r a t i o n s  of s i l v e r  ( f l u o r i d e ,  n i t r a t e  

and s u l f a t e )  and copper i s  achieved a t  a r a t e  of 5-8 g/100 g of f e c e s .  Copper 

s u l f a t e  was e f f e c t i v e  a t  30 g/lOO g o f  f eces .  These p r e p a r a t i o n s  s h a r p l y  reduced 

t h e  s p e c i f i c  odor o f  f e c e s  (deodorizing e f f e c t ) ,  bu t  d id  no t  remove t h e  odor 

caused by t h e  l i b e r a t i o n  of gaseous products  i n  t h e  decomposition of organic  

substances contained i n  t h e  f e c e s .  

One of t h e  p repa ra t ions  developed by Rogatina (copper s a l t  I tBr ' )  was used 

by u s  t o  s tudy t h e  e f f e c t  of chemical p r e s e r v a t i v e s  on t h e  l i b e r a t i o n  of /67 
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c e r t a i n  gaseous t o x i c  substances from f e c e s  s t o r e d  f o r  5 days.  These s t u d i e s  

were conducted by u s  i n  conjunct ion wi th  V.  I .  Mikhaylov, L.  T.  Poddubnaya and 

L .  N .  Rogatine (Kustov e t  a l . ,  1967). 

In  t h e s e  experiments,  p r e s e r v a t i o n  of f e c e s  was accomplished by 

s c a t t e r i n g  a uniform l a y e r  of copper sa l t  "B" over t h e  f e c e s  a t  t h e  r a t e  of 

8-10 grams of s a l t  p e r  100 grams of e x c r e t a .  

The p r e s e r v a t i v e  effect  o f  s a l t  I t B r t  w a s  eva lua ted  on t h e  b a s i s  of 

t h e  r e s u l t s  o f  mic rob io log ica l  analyses  conducted by L .  N .  Rogatina. A t  t h e  

same time, w e  determined t h e  content  of gaseous chemical substances i n  t h e  

a i r  above t h e  f e c e s ,  t r e a t e d  with p r e s e r v a t i v e  and s t o r e d  without a d d i t i o n  

of copper s a l t  I r B r r .  

The t e s t s  t h a t  were performed showed t h a t  wh i l e  t h e  number of micro

organisms v e g e t a t i n g  on t h e  e x c r e t a  inc reased  markedly ( e s p e c i a l l y  t h e  

ae rob ic  ones) during s t o r a g e  o f  f e c e s  without a p r e s e r v a t i v e ,  when s a l t  I t B t r  

was added t h e  microbial  growth on t h e  f e c e s  was n o t i c e a b l y  l e s s .  The a n t i 

b a c t e r i a l  e f f e c t  was p r a c t i c a l l y  100% (99.9%) (Table 19) .  

T A B L E  19. EFFECT OF COPPER S A L T  "B" ON M I C R O B I A L  GROWTH ON 
FECES STORED FOR 5 DAYS (AVERAGE DATA FROM 5 EXPERIMENTS) .  

-.~__. ~ .. - .. 

No. of inicroorganisins/l grain of feces[ 
. . .. . ... _. . -

Feces Aerobes Anaerobes 
-__ 

a t  start of test I at end of test at start of test I at end of test 
..... .... 

Commas i n d i c a t e  decimal p o i n t s .  

The determinat ion of t h e  t o x i c  substances i n  t h e  a i r  above s t o r e d  f eces  

showed t h a t  copper s a l t  "Bt1 reduced t h e  l i b e r a t i o n  of ammonia and a l i p h a t i c  

amines from t h e  f e c e s  by about 4 t imes,  n i t r o g e n  oxides by 10 t imes,  and 

organic  compounds (hydrocarbons) by about 1 . 5  t imes.  Indo le  and s k a t o l e ,  

hydrogen s u l f i d e  and mercaptans,  aldehydes and s u l f i d e  gas were more r a r e l y  
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found i n  t h e  a i r  above "preserved" f e c e s  than  i n  t h e  background experiments 

(Table 20 ) .  A t t e n t i o n  i s  c a l l e d  t o  t h e  cons ide rab le  con ten t  of carbon 

monoxide i n  t h e  a i r  above f e c e s  preserved wi th  copper s a l t  "B" (an i n c r e a s e  

r e l a t i v e  t o  t h e  background experiments o f  about 10 t i m e s ) .  

The r e s u l t s  of t h e s e  tes ts  allow us t o  ven tu re  t h e  opinion t h a t  t h e  /69 
microb ia l  decomposition of f e c e s  l i b e r a t e s  i n t o  t h e  a i r  mainly t h e s e  sub

s t a n c e s  whose con ten t  i s  reduced when a chemical p r e s e r v a t i v e  i s  used. The 

most important of t h e s e  a r e :  ammonia and a l i p h a t i c  amines, n i t rogen  oxides ,  

organic  substances,  and i n d o l e ,  s k a t o l e ,  aldehydes,  hydrogen s u l f i d e  with 

mercaptans and s u l f i d e  gas .  The inc reased  l i b e r a t i o n  of carbon monoxide from 

preserved f e c e s  i s  e v i d e n t l y  due t o  t h e  fac t  t h a t  i n  t h e  presence of copper 

s a l t  l l B l r  t h e r e  i s  a more e n e r g e t i c  ox ida t ion  of organic  substances ( inc lud ing  

t h e  po rphyr in i c  compounds) e n t e r i n g  i n t o  t h e  composition of f e c e s .  

Hyg i e n  i c Cha rac t e r  is  t-i c s  pf Ga s eous Chem ica 1 Subs t a  nces Con t a  i n e d  in 
In t e s  t i na 1 Gase-s 

The formation of i n t e s t i n a l  gases  occurs  i n  t h e  process  of t h e  

enzymatic and b a c t e r i a l  decomposition of t h e  o rgan ic  compounds e n t e r i n g  

i n t o  t h e  composition o f  t h e  con ten t s  of t h e  l a r g e  i n t e s t i n e .  A c e r t a i n  

amount of gas e n t e r s  t h e  i n t e s t i n e  when a i r  i s  swallowed during e a t i n g  and 

b rea th ing ,  as wel l  as through t h e  d i f f u s i o n  of c e r t a i n  gases  from t h e  blood. 

Among t h e  sou rces  o f  i n t e s t i n a l  gases ,  Hibbard (1936) l i s t s  t h e  follow

i n g :  breakdown of i n t e s t i n a l  con ten t s  (chemical and enzymatic decomposition, 

b a c t e r i a l  fermentat ion and p u t r e f i c a t i o n ) ;  d i f f u s i o n  o f  gases from t h e  blood; 

passage of atmospheric a i r  through t h e  i n t e s t i n e .  This  author  mentions t h a t  

i t  i s  p r i m a r i l y  n i t r o g e n  d i f f u s i o n  t h a t  t a k e s  p l a c e  from t h e  blood i n t o  t h e  

g a s t r o i n t e s t i n a l  t r a c t .  The en t r ance  of atmospheric a i r  i n t o  t h e  stomach 

accounts f o r  about 50 m l  of i t s  gas con ten t .  The gas i n  t h e  stomach c o n s i s t s  

of 80% n i t r o g e n  and 20% oxygen. The oxygen i s  absorbed t o  a c e r t a i n  degree,  

but  t h e  n i t rogen  passes  on i n t o  t h e  i n t e s t i n e  (Kanter,  1919). According t o  

o t h e r  d a t a ,  stomach gas c o n s i s t s  of 15-16% oxygen, 5-9% carbon dioxide and 

80-75% n i t rogen  (Davenport, 1966). The g a s t r o i n t e s t i n a l  t r a c t  i n  man u s u a l l y  

con ta ins  150 m l  of gas .  There i s  p r a c t i c a l l y  none i n  t h e  small i n t e s t i n e ,  and 

about 100 m l  i n  t h e  l a r g e  i n t e s t i n e  (Davenport, 1966). 
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TABLE 20. EFFECT OF COPPER SALT "B" ON THE INTENSITY OF LIBERATION OF CERTAIN GASEOUS 
TOXIC SUBSTANCES FROM FECES STORED FOR 5 D A Y S .  

I 

I 

I I 1 acid 

Amount, mg/100 g of feces 
Without I ! 1 I 1preservative 

I 
I 

1 ' 0,006 : Traces O,OIE 0,009 u,is4 ' 0,0/h , 0 0,576 0 0,945 
2 0 , 2 3  0 0,011 0,005 0,136 0 ;0,0/13 0,012 0 ' 0,315 
3 0,375 Traces 9,011 0 0,073 , V,OL!G 0,OUS ' Traces 0,074 0,063 O,G3U 
4 - 0 0,010 0 0,015 0 O , O i ?  0,005 0 ' 0,552 
5 Traces j Traces 0,002 0 0,120 0,ws 0 - 0,051 , 0,96/, 

31- ' 0,167 ~ - ' 0,010 - , () , IO7 0,010 @,Oi9 0,242 0,023 . 0,SSl 

With cqpper
salt "B I I 

1 ' 0.197 0 0,020 0,006 , @,06!) I 0 h,O"Sl) 0 0,03S 0 ,"0s 0 
0,007 0 ' 0,/12S ' 0,012 0,OOD , , o  0,007 0,433 0,191 

3 0 Traces 0,035 0 0,100 0,UVi '0,006 0 0,016 o,',.t3 0,152 
4 0 )) - ~ 0 : 0,I:;u 0 0 , 0 1 3  0 ' 0,033 1 - 1,EO0 
5 0,019 9 j O,@O'1  0,023 01 0,045 - 1 0,017 I ' -

0 1 0,161 j 
0 
- jo,011 1 @ 1 0,023 j 0,207 O,G301 0,023 1 0,270 1 0,57S 

Commas i n d i c a t e  dec imal  p o i n t s .  
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The composition and q u a n t i t y  of t h e  i n t e s t i n a l  gases  i n  d i f f e r e n t  i n 

d i v i d u a l s  undergo cons ide rab le  v a r i a t i o n s  depending on t h e  amount and n a t u r e  

of t h e  food ea t en ,  p e c u l i a r i t i e s  of t h e  func t ion ing  o f  t h e  g a s t r c i n t e s t i n a l  

t r ac t ,  t h e  n a t u r e  o f  t h e  mic ro f lo ra  i n  t h e  i n t e s t i n e ,  and a number o f  o t h e r  

f a c t o r s .  The effect  o f  food on t h e  i n t e n s i t y  o f  t h e  formation of i n t e s t i n a l  

gases  was demonstrated by Murphy (1964); if t h e  i n t e n s i t y  of formation of 

i n t e s t i n a l  gases  i n  h e a l t h y  i n d i v i d u a l s  i s  20-50 ml/hr ,  it i n c r e a s e s  by a 

f a c t o r  of 10 t o  20 about 3 t o  4 hours a f te r  e a t i n g  beans.  This  i n c r e a s e  i n  

t h e  product ion o f  i n t e s t i n a l  gases according t o  t h e  a u t h o r ' s  d a t a ,  comes 

mainly from carbon d iox ide  and hydrogen. Data on t h e  e f f e c t  of d i e t  and 

e a t i n g  regimen on t h e  formation of i n t e s t i n a l  gases  are  contained i n  t h e  

paper by Hedin and Adachi (1962). 

A t  t h e  p r e s e n t  t ime, i t  i s  assumed t h a t  i n  t h e  i n t e s t i n e s  o f  a p r a c t i c a l 

l y  hea l thy  i n d i v i d u a l  about 800-1,000 m l  o f  gas d a i l y  i s  formed ( F r i e s ,  1906; 

K i r k ,  1949).  The r a t e  of gas formation v a r i e s  from 0.36 t o  3.97 ml/min and 

amounts t o  about 1.47 ml/min on t h e  average (Kirk, 1949).  

The volume o f  gas expe l l ed  a t  any one time v a r i e s  from 50 t o  500 m l  

( t h e  l a t t e r  occurs when i n t e s t i n a l  gases  have been he ld  back f o r  many hours) 

and amounts t o  100 m l  on t h e  average ( F r i e s ,  1906).  

The chemical composition of i n t e s t i n a l  gases is  r a t h e r  complex (Table 

21) .  The i n t e s t i n a l  gases contain small q u a n t i t i e s  o f  t h e  same gaseous 

chemical substances formed i n  t h e  a i r  above f r e s h  f e c e s .  In  p a r t i c u l a r ,  t h e s e  

substances inc lude  indo le ,  s k a t o l e ,  hydrogen s u l f i d e  with mercaptans, s u l f i d e  

gas,  v o l a t i l e  o rgan ic  ac ids  and o t h e r  gaseous foul-smell ing chemical com

pounds (Tarkhanov, 1888; Korenchevskiy, 1909; S l a g e r ,  1962). 

Most of t h e  t o t a l  volume o f  i n t e s t i n a l  gases  c o n s i s t s  of oxygen, n i t r o 

gen, carbon d iox ide ,  hydrogen and methane (Murphy, 1964; S l o t e ,  1965). 

According t o  F r i e s '  d a t a  (1906), 1,254 m l  of i n t e s t i n a l  gases con ta in  

apProximatelY 28.6 m l  o f  C 0 2 ,  201 m l  o f  methane and 35.7 m l  of hydrogen. 

-/70 
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T A B L E  21. COMPOS 

Concent ra-
S u b s  t ance t i o n ,  

mole % 

Carbon 
d ioxide  5.9-3.8 

Hydrogen 0-54 
Hydrogen 

s u l f i d e  0-6 .4  
, - ~ -_

For P 1 .  P1 .- converted 

ON OF HUMAN INTESTINAL GASES (SLOTE, 1965). 

Maxi mum Max i m u m  
a 1 lowance Concentra- a l lowable  
concen tra-.  Substance t i o n ,  concentra-
t i on ,  mole % t i o n ,  

II mole % mole, % 

N i t rogen 
Oxygen

3 ;$ $: Met ha n e  0-55 5.3"" 

2 10 
;k t o  

$:;$ M i n i m u m  concent ra t ion  f o r  explos ion  hazard.  


Best and Taylor  (1958),  u s ing  t h e i r  own experimental  m a t e r i a l ,  con

ducted some c a l c u l a t i o n s  according t o  which 1,000 m l  of i n t e s t i n a l  gases  can 

con ta in  approximately 230 m l  o f  carbon d iox ide ,  210 m l  of n i t rogen ,  80 m l  of  

oxygen and 480 m l  of  methane and hydrogen. Somewhat d i f f e r e n t  f i g u r e s  a r e  

given by Davenport (1966).  I n  h i s  work on t h e  physiology of  t h e  g a s t r o i n t e s 

t i n a l  t r a c t ,  he s ta tes  t h a t  t h e  gas  i n  t h e  l a r g e  i n t e s t i n e  does no t  con ta in  

oxygen, bu t  c o n s i s t s  o f  50% n i t r o g e n  and 40% carbon d iox ide .  The remaining 

10% c o n s i s t s  of  methane, hydrogen, hydrogen s u l f i d e  and o t h e r  products  of  

t h e  fe rmenta t ive  a c t i v i t y  of b a c t e r i a .  This  au tho r  exp la ins  t h e  cons ide rab le  

q u a n t i t y  of carbon d iox ide  i n  t h e  l a r g e  i n t e s t i n e  by t h e  i n t e r a c t i o n  of  

b icarbonates  i n  t h e  i n t e s t i n a l  con ten t s  wi th  a c i d s  produced by microbia l  

f l o r a .  

Clemedson (1959), guided by t h e  d a t a  of  Kirk (1949) on t h e  composition 

o f  i n t e s t i n a l  gases  (given below), conducted a hyg ien ic  e s t ima te  of  t h e i r  

b a s i c  components: 

Gas Concent ra t ion ,  % Gas Concentrat ion,  % 

Hydrogen 0-37.2 Carbon d iox ide  5.9-24.7 
Oxygen 0-10.3 Hydrogen s u l f i d e  0-0.00064 
Nitrogen 24.7-87.7 Methane 0-34.1 

I n  p a r t i c u l a r ,  h e  determined t h e  time dur ing  which t h e  conten ts  of  t h e  

p r i n c i p a l  components of i n t e s t i n a l  gases  can r each  h y g i e n i c a l l y  s i g n i f i c a n t  

va lues  i n  t h e  atmosphere o f  a s t anda rd  cabin  (Table 22) .  
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T A B L E  22 .  TIME R E Q U I R E D  FOR INTESTINAL GASES TO ACCUMULATE TO M A X I M U M  PER
MISSIBLE C O N C E N T R A T I O N  D U R I N G  STAY OF O N E  PERSON I N  A H E R M E T I C A L L Y  S E A L E D  
STANDARD CAB I N ( C L E M E D S O N ,  1959). 

_. 

:as Concentrat ion,  Concent r a t  ion ~ T i m e ,  Effect  
PPm mg/ 1 A days 

. . .  

Hydrogen I r r i t a t i o n  of 
s u l f i d e  

Hydrogen 
20 0.029 148 

44 
eyes, nausea 
Exp 1 os ion 

Methane 59 Explosion 
Carbon 

dioxide 5,000 9.0 (-0.5%) 10 S I  i g h t  hyper-
Carbon v e n t i l a t i o n  

d i ox i d e  30 ,000 , 54.0 (-3.0%) - 60 Panting 
~ - -

On t h e  b a s i s  of t h e  r e s u l t s  of h i s  c a l c u l a t i o n s ,  Clemedson came t o  t h e  

conclusion t h a t  hydrogen s u l f i d e  ( i n  t h e  concen t r a t ions  i n  which it occurs i n  

i n t e s t i n a l  gases)  can produce h y g i e n i c a l l y  s i g n i f i c a n t  r e s u l t s  only a f t e r  148 /72 

days.  As far  as carbon d iox ide  i s  concerned, i t s  p o s s i b l e  concen t r a t ion  i n  

t h e  atmosphere of a s t anda rd  cabin can lead t o  changes i n  r e s p i r a t i o n  a f t e r  

10-60 days. The au tho r  cons ide r s  t h e s e  changes t o  be i n s i g n i f i c a n t ,  however. 

I t  i s  s t r i k i n g  t h a t  t h e  p o s s i b l e  accumulation of hydrogen and methane 

i n  t h e  cabin atmosphere can reach such concen t r a t ions  t h a t  t h e r e  i s  a r i s k  

of an explosion.  The maximum pe rmis s ib l e  concen t r a t ions  o f  t h e s e  gases a r e  

4 .1  and 5 .3%,  r e s p e c t i v e l y .  They a r e  based, of cour se ,  on t h e  explosive 

p r o p e r t i e s  of methane and hydrogen, s i n c e  n e i t h e r  has any b i o l o g i c a l  e f f e c t  

i n  t h e  concen t r a t ions  given (Calloway, c i t e d  by Murphy, 1964) 

A s tudy of t h e  t o x i c i t y  of i n t e s t i n a l  gases has been conducted by 

s e v e r a l  au tho r s  i n  connection with t h e  problem of a u t o i n t o x i c a t i o n .  In  

s p e c i a l  experiments on ca ts ,  i t  was shown t h a t  a c r i t i c a l  r o l e  i n  t h e  t o x i c  

e f f e c t  of i n t e s t i n a l  gases  i s  played by hydrogen s u l f i d e .  S imi l a r  e f f e c t s  

were obtained by i n j e c t i o n  of s o l u t i o n s  of i n t e s t i n a l  gases and pure hydrogen 

s u l f i d e  (Teschendorf, 1922, 1922a; McSver, Redfield and Benedict ,  1926;  

Hibbard, 1936). However, t h e  c a l c u l a t i o n s  o f  Clemedson given above show t h a t  

f o r  t h e  cond i t ions  of h e r m e t i c a l l y  sea l ed  c a b i n s ,  t h e  e n t i r e  complex of 
chemical substances making up i n t e s t i n a l  gases are of hygienic  s i g n i f i c a n c e .  
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-- -- - -  CharacteLi-stics- o f  Gaseous- Chemical Substances Given- _  - _ _
Expired Air 

The chemical composition of  t h e  a i r  expired by man i s  very complex. I t  

con ta ins  75.7% n i t r o g e n ,  15.3% oxygen, 5.1% water vapor and 3.95% carbon 

d iox ide ,  ( c f .  Clemedson, 1959). In  a d d i t i o n  t o  t h e  above, expired a i r  always 

con ta ins  chemical compounds t h a t  are formed i n  t h e  organism i n  t h e  course o f  

normal metabolism and a r e  exc re t ed  through t h e  lungs.  Expired a i r  con ta ins  

some of  t h e  components o f  i n t e s t i n a l  gases ,  which d i f f u s e  i n t o  t h e  blood from 

t h e  i n t e s t i n e  [ f o r  example, hydrogen, methane, e thane (Calloway, c i t e d  by 

Murphy, 1964)] as wel l  as v o l a t i l e  compounds contained i n  t h e  s e c r e t i o n s  of 

t h e  s a l i v a r y  glands o r  formed i n  t h e  o r a l  c a v i t y  as a r e s u l t  of microbial  

decomposition of s a l i v a  and food r e s i d u e ,  as  wel l  as  chemical substances 

p o l l u t i n g  t h e  atmosphere of c i t i e s  and populated a r e a s .  

A t  t h e  p re sen t  t ime,  t h e  s a l i v a  and expired a i r  of p r a c t i c a l l y  hea l thy  

i n d i v i d u a l s  have been found t o  contain 2 0  chemicalcompounds, while  samples 

taken from t h e  o r a l  c a v i t y  have been found t o  con ta in  about 100 d i f f e r e n t  

chemical substances (Weber, 1967). 

However, t h e  d i f f e r e n t  o r i g i n  of t he  same components of expired a i r  /73 
o f t e n  complicates t h e  s o l u t i o n  of t h e  problem of whether a given substance i s  

c h a r a c t e r i s t i c  of expired a i r  o r  whether i t s  presence i s  a c c i d e n t a l .  

A cons t an t  component of expired a i r  i s  carbon monoxide. I ts  presence 

i n  expired a i r  from manwas f i r s t  pointed out by Jeckson (1887, c i t e d  by 

P e t e r s ,  1906), who attempted t o  u s e  t h i s  t o  exp la in  i t s  harmful e f f e c t  on 

t h e  organism. A s  of t h e  p re sen t  day, t h e  endogenic formation of CO and i t s  

e x c r e t i o n  i n  t h e  expired a i r  have been demonstrated by many i n v e s t i g a t o r s ,  

whose t e s t s  were conducted with t h e  use  of d i v e r s e  h i g h l y - s e n s i t i v e  methods 

(Tiunov and Kustov, 1966). 
The content  of carbon monoxide i n  t h e  expired a i r  from h e a l t h y  non

smokers, according t o  t h e  d a t a  of va r ious  a u t h o r s ,  i s  0.0028mg/l i ter  (S joe 

s t r a n d ,  1949), 0.016 m g / l i t e r  (Bogatkov e t  a l . ,  1961), and 0.011 m g / l i t e r  

(Kustov e t  a l . ,  1962). The r a t e  of exc re t ion  o f  CO from t h e  organism u s u a l l y  
5does n o t  exceed 0.5-1.05 cm / h r  (Sjoestrand,  1951) and c o n s i s t s  on t h e  average 
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of 10 c m  3 d a i l y  ( S t i l l ,  1960; S l a g e r ,  1962). The accumulation o f  CO i n  t h e  

atmosphere o f  h e r m e t i c a l l y  sea l ed  areas occurs q u i t e  r a p i d l y .  According t o  t h e  

d a t a  o f  P .  I .  Bogatkov, Yu. G .  Nefedov and M .  N .  Poletayev (1961), t h e  a i r  o f  

a he rme t i ca l ly  s e a l e d  chamber with a volume o f  24 m3 (with t h r e e  s u b j e c t s  i n 

s i d e )  showed a carbon monoxide content  o f  0.023-0.027 m g l l i t e r  by t h e  9th-10th 

day o f  t h e  experiment. I n  t h e  pumping chamber of  t h e  i n s u l a t i n g  apparatus  t h e  

CO concen t r a t ion  can amount t o  0.02-0.04 m g / l i t e r  even a f t e r  only 15-20 min of 

t h e  experiment, (Gorodinskiy e t  al . ,  1967), which somewhat i n c r e a s e s  i t s  max

i m u m  a l lowable l i m i t  as c a l c u l a t e d  from an 8-hour exposure (0.02 m g / l i t e r ,  c f .  

S ta te  Standard 245-63). 

Another cons t an t  component o f  expired a i r  i s  ammonia (and i t s  compounds) 

(Clemedson, 1959; S t i l l ,  1960; S lage r ,  1962; S l o t e ,  1965 e t  a l . ) .  

We have d i scussed  t h e  formation and e x c r e t i o n  of ammonia from t h e  

organism i n  Chapter I1 o f  t h i s  book. 

I ts  content  i n  t h e  exp i r ed  a i r  from p r a c t i c a l l y  h e a l t h y  s u b j e c t s ,  

according t o  t h e  d a t a  o f  va r ious  au tho r s ,  i s  from 0.000008 t o  0.000024 m g / l i t e r  

(0.000011 m g / l i t e r  on t h e  average; Alpatov, 1962), 0.517 rt 0.321 ug NH - N / l i t 3 

e r  (Muel ler-Beissenhir tz  and Ke l l e r ,  1965), and t h e  d a i l y  exc re t ion  of ammonia 

i s  from 0.02 g (Zhandr, 1897) t o  0.08- 0 . 4  (Gorodinskiy e t  a l . ,  1967). 

The ammonia l e v e l  i n  t h e  expired a i r  from man v a r i e s  a g r e a t  dea l  de

pending on t h e  n a t u r e  o f  t h e  d i e t  and i t s  content  i n  t h e  blood and i n s p i r e d  

a i r .  A cons ide rab le  in f luence  on t h e  ammonia concen t r a t ion  i s  exe r t ed  by t h e  

s t a t a  of t h e  o r a l  c a v i t y ,  i t s  content  i n  t h e  s a l i v a ,  e t c . 9  

Thus, f o r  example, i f  t h e  ammonia content  i n  t h e  o r a l  c a v i t y  i s  2 m g / l i t e r  /74  

be fo re  brushing t h e  t e e t h  with "Lesnaya" t o o t h p a s t e ,  i t s  presence i n  t h e  o r a l  

c a v i t y  cannot be d e t e c t e d  a f t e r  c leaning t h e  t e e t h  (Fedorov, 1967).  According 

t o  t h e  d a t a  o f  Muel ler-Beissenhir tz  and K e l l e r ,  1965),  t h e  ammonia concentra

t i o n  i n  t h e  expired a i r  f e l l  from 0.725 t o  0.200 pg o f  NH 

r i n s i n g  t h e  o r a l  c a v i t y .  
3 - N / l i t e r  a f t e r  

._ _. - . .  ~.- ~~ . . ~~ ~~ . . . .  . . i i .  __I_ 

The amount o f  ammonia i n  t h e  s a l i v a  i s  2-10mg% (Mueller-Beissenhir tz  and 

Ke l l e r ,  1965). 
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Another cons t an t  component o f  expired a i r  from p r a c t i c a l l y  h e a l t h y  i n d i 

v idua l s  i s  acetone (Shur, Lyashko, 1952; Weber, 1967; Heine, 1967; Hubbard, 

1920; Briggs,  Scha f fe r ,  1921; S l a g e r ,  1962; Stolmann, 1965; Larsson, 1965 

e t  a l . ) .  I t s  content  i n  tfie exp i r ed  a i r  i n  hea l thy  i n d i v i d u a l s  var ies  from 

t r a c e  amounts t o  0.144 m g / l i t e r .  When f a t  i s  used (up t o  200 g of f a t ) ,  t h e  

acetone concentrat ion i n  t h e  exp i r ed  a i r  reaches 2 . 8  m g / l i t e r  (Lyashko, 1952). 

Data on t h e  acetone content  i n  ( m g / l i t e r  i n  t h e  expired a i r  o f  h e a l t h y  i n d i 

v idua l s  on t h e  b a s i s  o f  t h e  r e s u l t s  of t h e  s t u d i e s  of va r ious  authors  a r e  as 

fol lows:  0.34 t 0.02 (Handerson, Karger and Wrenshall, 1952); 0.063-144 

(Glaub i t t  and Rausch-Strooman, 1959); 0.2 ( G l a u b i t t ,  1961); 0.97 k 0.07 (Levey, 

Balchum, Medrano and Jung, 1964) ; 0.99-0.59 (Eriksen and Kulkarni,  1963). The 

d a i l y  amount of acetone given o f f  by an ind iv idua l  i n  t h e  expired a i r  i s  0.03

-0.08 g (Makeyev, Gulevich and Broude, 1947). 

A high acetone content  i n  t h e  expired a i r  i s  observed with c e r t a i n  l i v e r  

a i lmen t s ,  suga r  d i a b e t e s ,  ca rd iovascu la r  pathology i n  t h e  s t a t e  of  decompen

s a t i o n ,  e t c .  In  t h e s e  cases ,  t h e  acetone l e v e l  i n  t h e  expired a i r  can reach 

21.3 m g / l i t e r  (Shur, 1939).  For  d e t a i l s  on t h e  e f f e c t  of va r ious  f a c t o r s  on 

t h e  i n t e n s i t y  of acetone e x c r e t i o n ,  s e e  Chapter 111. 

Expired a i r  has been found t o  con ta in  methane, small  amounts of ace to 

a c e t i c  a c i d ,  v o l a t i l e  f a t t y  a c i d s ,  methyl a l coho l ,  e thano l ,  methylethyl 

ketone, and a c e t o n i t r i l e  (Clemedson, 1959; S l a g e r ,  1962; Eriksen,  Ku lkami ,  

1963; Freund, 1965; Larsson, 1965; Weber, 1967, e t c . ) .  The amounts of t h e s e  

compounds i n  t h e  expired a i r  a r e  r e l a t i v e l y  sma l l .  Thus, t h e  methane content  

i n  t h e  expired a i r  from h e a l t h y  s u b j e c t s  v a r i e s  from 1 t o  99 pp t  (Levey and 

Balchum, 1963). 

The s e c r e t i o n s  o f  t h e  o r a l  c a v i t y  contain ammonia, hydrogen s u l f i d e  

(Fedorov, 1967), acetone,  methane, e thano l  (Larsson, 1965) and o t h e r  v o l a t i l e  

chemical compounds t h a t  g ive  o f f  an unpleasant  odor. 

One source o f  bad b r e a t h  i s  t h e  c e r t a i n  components o f  s a l i v a  t h a t  have 

i n  t h e i r  composition s u l f h y d r y l  groups o r  o t h e r  substances with s u l f u r  i n  

them, compounds con ta in ing  amines and ammonia, as wel l  as t h e  products  of 

p u t r e s c e n t  decay i n  t h e  nasopharynx and ca r ious  t e e t h  (Fedorov, 19671. Small 

81 



111 . IlUIlllllllllIll1IlIlIII1 I I I 

amounts of t h e s e  gaseous products  formed i n  t h e  o r a l  c a v i t y  a r e  included,  as 

a r u l e ,  i n  t h e  composition of t h e  expired a i r .  

A number o f  t h e  chemical substances t h a t  e n t e r  i n t o  t h e  composition o f  

expired a i r  e x h i b i t  pronouned t o x i c i t y ,  and t h e i r  accumulation i n  t h e  atmos

phere of h e r m e t i c a l l y  s e a l e d  cabins  of small volume c o n s t i t u t e s  a d e f i n i t e  

danger f o r  a h e a l t h y  i n d i v i d u a l .  

To e v a l u a t e  t h e  degree of t h i s  danger,  w e  worked i n  conjunct ion with 

V.  	 I .  Mikhaylov and L .  T.  Poddubnya t o  determine t h e  content  of i n d i v i d u a l  

t o x i c  substances i n  t h e  expired a i r  from human s u b j e c t s .  

Healthy men 20-22  yea r s  o ld  took p a r t  i n  t h e  t e s t .  A diagram o f  t h e  

apparatus  used t o  c o l l e c t  samples of expired a i r  f o r  subsequent chemical 

a n a l y s i s  i s  shown i n  Figure 14. 

The t e s t s  which we conducted 

showed (Table 2 3 )  t h a t  t h e  expired 

a i r  of p r a c t i c a l l y  h e a l t h y  persons 

always con ta ins  ammonia and i t s  

compounds, aldehydes,  ketones,  o r 

gan ic  a c i d s ,  carbon monoxide, carbon 

d iox ide ,  water vapor and hydrocarbons. 

O f  t h e s e ,  33% a r e  s a t u r a t e d  hydro-

(I, 	 carbons,  5 .4% a r e  unsa tu ra t ed  and 

1 . 2 %  a r e  aromatic .  The concen t r a t ions  

of t h e s e  chemical compounds i n  t h e  

F i g u r e  14. Diagram of Apparatus f o r  
expired a i r  from t h e  s u b j e c t s  was 

Collect ing Expired Air From a Human h igh ly  v a r i a b l e ,  ev iden t ly  due t o  
S u b j e c t .  1 ,  Intake valve;  2 ,  Exhaust i n d i v i d u a l  p e c u l i a r i t i e s  of metabolism,
va lve ;  3 ,  Hydroscope; 4 ,  System f o r  
pu r i fy ing  room a i r .  content  of va r ious  compounds i n  t h e  

o r a l  c a v i t y ,  varying n a t u r e  of 

mic ro f lo ra  and o t h e r  causes .  

Therefore,  i n  c a l c u l a t i n g  t h e  time requ i r ed  f o r  a t t a i n i n g  t h e  l i m i t  of  

t h e  al lowable content  o f  some of t h e  substances l i s t e d  i n  Table 23 i n  t h e  
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atmosphere of a s t a n d a r d  cab in ,  we s h a l l  p r o c e e d  on  t h e  b a s i s  of t h e  v a l u e s  

of  t h e i r  mean c o n c e n t r a t i o n  i n  t h e  e x p i r e d  a i r .  l o  

TABLE 23. AMOUNTS OF SEVERAL TOXIC SUBSTANCES IN THE 
A I R  E X P I R E D  BY HUMAN B E I N G S .  

- .- .. 

10. of I 

I i t e rSubs tance i e t e r - - - _  

n i  na- Average 
_I_ ~t i  ons ~ _ - _ - _ _ _ ~ ~~ 

Ammonia and i t s  compounds ..... 27 Traces 0.005 0.0022 

Aldehydes ..................... 13 I1 0.0015 

Acetone 0 -

Organ ic  a c i d s  c o n v e r t e d  t o  
a c e t i c  a c i d . .  . . .............. 14 0.007 0.01 3 0.02 

Carbon monoxide (non-smokers) 22 0.003 0.017 0.01 1 
Hydrocarbons c o n v e r t e d  t o  C . a  

s a t u r a t e d  ( 3 3 % ) .  . . . . . . . . .  17 Traces 0.051 0.036 

( k e t o n e s ) . .  - . . - - - - . - 49 I I  0.0025 0.0002 


u n s a t u r a t e d  ( 5 . 4 % ) .  . . .... - -_  
a r o m a t i c  ( 1 . 2 % ) ;......... 

Carbon d i o x i d e  ( i n  %).......... 7 2 . 0  3.9 3 
Water vapor  ( i n  %)............. 7 20 

- - .-- . . . . . .  _- 38.. 50 
-

The v a l u e s  of  t h e s e  t i m e  segments a r e  shown i n  T a b l e  24 .  

TABLE 24. POSSIBLE TIME REQUIRED TO REACH L IMIT OF 
ALLOWABLE CONCENTRATION OF CERTAIN COMPONENTS OF 
E X P I R E D  A I R  UNDER THE CONDITIONS OF A STANDARD C A B I N .  

___
* Average con- Time t o  reach L i m i t  o f  a l l o w -

Substance c e n t r a t i o n  i r  l i m i t  o f  a l l o w - a b l e  c o n c e n t r a 
e x p i r e d  a i r ,  a b l e  c o n c e n t r a - t i o n  ( S t a t e  
mg/!-i t e  r t i o n ,  i n  hours  S tandard  245-63  

m g / l i  t e  r 
I -

_ - ~~ -
Ammonia and i t s  compounds 0.0022 -3 0.02 
Acetone .................... 0.0002 -14 days 0.2  
Orqan ic  a c i d s  c o n v e r t e d  t o  
a c e t i c  a c i d  .............. 0.013 -1.33 0.005 

Carbon monoxi de.. . . ........ 0.01 1 -7 0.3 
Hydrocarbons c o n v e r t e d  

t o  c . . .  .................... 0.036 -3 0 

-	 ... . .. 

l o  The c a l c u l a t i o n  was p e r f o r m e d  w i t h  c o n s i d e r a t i o n  of t h e  v a l u e  of  t h e  
h o u r l y  a i r  exchange i n  a h e a l t h y  i n d i v i d u a l .  
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I t  i s  clear from t h e  Table t h a t  t h e  extreme a t t a i n a b l e  l e v e l  based on 

an 8-hour exposure i n  t h e  atmosphere o f  a s t anda rd  cabin (due s o l e l y  t o  

expired air)  can be reached f o r  carbon monoxide i n  about 7 hours ,  f o r  ammonia 

and i t s  compounds i n  3 hours ,  f o r  organic  a c i d s  i n  about 1 hour and 20 minutes,  

f o r  hydrocarbons i n  about 30 hours ,  and f o r  acetone i n  only 14 hours .  

A l l  of  t h e  above i n d i c a t e s  t h a t  t h e  t o x i c  components of expired a i r  

can p l ay  a cons ide rab le  r o l e  i n  t h e  formation of t h e  atmospheres of herme

t i c a l l y  sea l ed  cabins  of small volume. 

Having determined t h e  h y g i e n i c a l l y  s i g n i f i c a n t  concen t r a t ions  of 

c e r t a i n  t o x i c  substances i n  t h e  composition of t h e  expired a i r ,  we decided 

t o  conduct a s p e c i a l  s tudy  t o  determine t h e  n a t u r e  o f  i t s  b i o l o g i c a l  a c t i o n .  

This  t ype  o f  i n v e s t i g a t i o n  was a l s o  d i c t a t e d  by t h e  extremely con t r ad ic to ry  

d a t a  on t h i s  s u b j e c t  ( s ee  Chapter I ) .  

In  t h e  experiments which we conducted i n  conjunct ion with M .  M .  

Korotayev, V.  I .  Mihaylov, G .  I .  Meleshko and Ye. Ya. Shepelev (Kortayev, 

Kustov e t  a l . ,  1967),  we s tud ied  t h e  e f f e c t  of a complex of t o x i c  substances 

which e n t e r  i n t o  t h e  composition of t h e  expired a i r  of manon t h e  photosyn

t h e t i c  a c t i v i t y  of C h l o r e l l a  ( c h l o r e l l a  pyrenoidosa),  c u l t u r e d  i n  a Tamiy 

medium i n  a s p e c i a l  pho tosyn the t i c  gas exchanger. 

I t  was found i n  t h e s e  experiments t h a t  t h e  expired a i r  introduced /77 
i n t o  t h e  a i r  space of t h e  gas exchanger caused n o t i c e a b l e  suppression of 

t h e  photosynthesis  of c h l o r e l l a ,  a s  measured by t h e  change i n  t h e  r a t e  of 

CO 2 absorpt ion i n  percent  of t h e  c o n t r o l  experiment va lue  (Table 25) .  

Later  on, we continued our s tudy of t h e  b i o l o g i c a l  e f f e c t  of a i r  expired 

by man i n  experiments on white  male mice weighing 20-22 g . l l  The fol lowing 

i s  a l i s t  of t h e  chemicals composing t h e  expired a i r  of a human s u b j e c t  which /78 
was c o l l e c t e d  i n  Douglas bags and then  c i r c u l a t e d  f o r  two hours through a 

chamber con ta in ing  t h e  experimental  animals.  

. .  - _ 5  = i = - - _ _ .  . . . . .  _-__T . . . . .  ~ . .~~~- -

We conducted t h e  s t u d i e s  i n  conjunct ion with V .  I .  Mikhaylov and L .  T.  
Poddubnya (unpublished d a t a ) .  
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Duration 
o f  exper
iment in 
hours 

6 
4 
2 

TABLE 25. CHANGE IN RATE OF PHOTOSYNTHESIS OF 
CHLORELLA UNDER THE INFLUENCE OF A I R  E X P I R E D  BY 
A HUMAN B E I N G .  

-. . .  . . . 
I Change i n  Change- - i n  Change i n  

d e n s i t y  o f  r a t e  o f  ab- Dura t i on  
suspens i o n  s o r p t i o n  of of exper

d u r i n g  t h e  co2, % o f  d u r i n g  the 

exper iment,  c o n t r o l  

iment i n  exper iment , o f  c o n t r o l 
m i  1 1  i o n  hours m i  1 1  i o n  

. . .k l i t e r / h r  - ____ I k l i t e r / h r  I 

........ - . .  ~-I 
940-1,228 -2 3 1,700-1,920 -6
900-1 ,168 -12 1 1  1,080-2,052 -19

1,300-1,407 -20 

I n  view of t h e  reduced oxygen content  i n  t h e  gas mixture  obtained 

(16.5-17%), t h e  l a t t e r  was added t o  t h e  composition of t h e  expired a i r  t o  

g ive  a concen t r a t ion  of 20 .5%.  

Ammonia and a l i p h a t i c  amines ....................... 0.0011 mg/L 
Acetone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0008  mg/L 
Organic a c i d s  converted t o  a c e t i c  ac id............. 0.057 mg/L 
Carbon monoxide .................................... 0.003 mg/L 
Carbon d iox ide..................................... 3 .3  v01.Z 
Oxygen ( a f t e r  enrichment of mixture) . . . . . . . . . . . . . . .  2 0 . 5  v o l . %  
To ta l  o x i d i z a b i l i t y ,  mg 0 2 . . . . . . . . . . . . . . . . . . . . . . . . .  0.106 

To exclude t h e  t o x i c  e f f e c t  o f  CO 2 contained i n  s i g n i f i c a n t  amounts 

i n  expired a i r  (about 3 . 3 % ) ,  we s e t  up a s e r i e s  of c o n t r o l  experiments t o  

s tudy t h e  e f f e c t  on t h e  animals of a nitrogen-oxygen mixture  with an increased 

concen t r a t ion  of carbon d iox ide  (n i t rogen  = 76.5%, oxygen = 20 .5%,  CO 
2 

= 3 % ) .  /79-

The r e s u l t s  of t h e s e  experiments showed t h a t  while  t h i s  gas mixture did 

not  produce v i s i b l e  changes i n  t h e  behavior of t h e  animals,  a f t e r  a 2-hour 

exposure t o  expired a i r  enr iched with oxygen t h e  experimental  mice became 

s lugg i sh  and i n e r t .  

Af t e r  t h e  conclusion of t h e  experiment, t h e  content  of carboxyhemoglobin 

and a c e t y l c h o l i n e  i n  t h e  blood of t h e  experimental  animals was s i g n i f i c a n t l y  

h ighe r  t han  i n  t h e  c o n t r o l  group o f  mice (Figure 15) .  S i m i l a r  changes were 

seen with r e s p e c t  t o  t h e  c a t a l a s e  and c h o l i n e s t e r a s e  a c t i v i t y  of t h e  blood 

(Figure 16) .  
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Figure 15.  Effect  of Toxic Subs 3nces Figure 16. E f fec t  of Toxic S u b  3nces 
Contained i n  Expi red A i  r on t h e  Level Contained i n  Expired Air on t h e  
of Carboxyhemoglobin ( I )  and t h e  Con- Chol ines t e r a s e  ( I  ) and Ca ta l a se  ( I  I )  
tent  of Acetylchol ine ( 1 1 )  i n  t h e  A c t i v i t y  of t h e  Blood of W h i t e  Mice. 
Blood of W h i t e  Mice. Symbols same as  Symbols same a s  Figure 4 .  
i n  Figure 4 .  

The phys io log ica l  s i g n i f i c a n c e  of t h e  changes we observed i n  t h e  s t a t e  

of t h e  experimental  animals i s  apparent ly  no t  g r e a t .  However, t h e i r  occurence 

allows us  t o  conclude t h a t  t h e  complex of t o x i c  substances contained i n  t h e  

expired a i r  of p r a c t i c a l l y  hea l thy  i n d i v i d u a l s  i s  no t  a m a t t e r  o f  i n d i f f e r e n c e  

t o  t h e  organism. 

T h e  Role of t h e  S k i n  i n  the Excretion of t h e  Metabolic Products o f  t h e  
-I

Organism. Composition and Hygienic S ign i f i cance  of Cer t a in  Gaseous Substances 
Accumulatyd i n  the Space Beneath t h e  Clothing.  

The l is t  o f  metabolic products excreted by man inc ludes  chemical sub
s t ances  t h a t  are l i b e r a t e d  i n t o  t h e  surrounding medium with t h e  s e c r e t i o n s  of 

t h e  cutaneous sweat and sebaceous glands as wel l  as i n  t h e  course of cutaneous 

r e s p i r a t i o n .  Some o f  t h e s e  substances a r e  f a r  from harmless t o  t h e  organism, 

as shown i n  a s e r i e s  of papers  by Sov ie t  and f o r e i g n  i n v e s t i g a t o r s  ( c f .  

Petrun '  , 1960).  
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The r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  t h e  gas  exchange 

through t h e  s k i n  and i t s  s e c r e t o r y  func t ion  p l a y  an important  r o l e  i n  t h e  

v i t a l  a c t i v i t y  o f  t h e  organism. However, t h e  l i m i t e d  p o s s i b i l i t i e s  o f  analy

t i c a l  chemistry u n t i l  r e c e n t l y  have n o t  allowed us  t o  perform t h e  chemical 

i d e n t i f i c a t i o n  o f  t h e  ma jo r i ty  o f  t h e s e  t o x i c  subs t ances .  Therefore ,  t h e  

reason  f o r  t h e  dea th  of animals  i n  which t h e  r e s p i r a t o r y  and s e c r e t o r y  func

t i o n s  of t h e  s k i n  were i n t e r r u p t e d  was made t h e  s u b j e c t  of a t tempts  by i n 

v e s t i g a t o r s  t o  l i n k  i t  wi th  asphyxia t ion  (Gerlach,  1851) o r  with a d i s tu rbance  

of t h e  thermoregulatory func t ion  o f  t h e  s k i n  (Lashkevich, 1868; Martens, 1900),  

o r  wi th  t h e  accumulation i n  t h e  organism of some kind o f  v o l a t i l e  hypo the t i ca l  

substance (Zhandr, 1889), o r  wi th  t h e  entrapment i n  t h e  organism of  ammonia 

and o t h e r  ni t rogenous compounds (Sokolov, 1874) .  

A t  t h e  p re sen t  t ime,  wi th  t h e  a i d  of modern methods o f  chemical a n a l y s i s  

(chromatography, spectrophotometry,  spec t romet ry ,  e t c . )  we have succeeded i n  __ 

determining t h e  chemical composition o f  t h e  s e c r e t i o n  of t h e  sweat and 

sebaceous glands i n  t h e  s k i n ,  as wel l  a s  t h e  products  excre ted  from t h e  

organism through t h e  s k i n .  

We know t h a t  t h e r e  i s  exc re t ion  of carbon d iox ide  and absorp t ion  o f  

oxygen through human s k i n  a s  t h e  r e s u l t  of  t h e  d i f f e r e n c e  i n  the  p a r t i a l  

p re s su res  of  oxygen and CO 2 i n  t h e  blood and t h e  surrounding a i r .  A s  t h e  

gaseous composition of  t h e  a i r  changes,  t h e  exchange of CO2 and oxygen through 

t h e  s k i n  a l s o  v a r i e s .  With an increased  concen t r a t ion  of CO, t h e r e  i s  absorp-
L 

t i o n  of carbon d iox ide  by t h e  s k i n  and exc re t ion  i n t o  t h e  atmosphere o f  l a r g e  

amounts of oxygen. With an increased  amount of oxygen i n  t h e  surrounding 

medium, i t s  p e n e t r a t i o n  i n t o  t h e  blood through t h e  s k i n  inc reases  markedly; 

t h i s  i s  e s p e c i a l l y  n o t i c e a b l e  under cond i t ions  of high temperature  of t h e  

surrounding medium ( P e t r u n ' ,  1960).  

I n  t h e  process  o f  cutaneous r e s p i r a t i o n ,  i n  a d d i t i o n  t o  carbon d ioxide  

and oxygen, t h e  gaseous products  u s u a l l y  exc re t ed  through t h e  lungs (mainly 

ammonia, acetone,  and o t h e r  subs tances)  may a l s o  be  l i b e r a t e d  i n t o  t h e  

surrounding medium (S lo te ,  1965).  
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The s e c r e t o r y  f u n c t i o n  of  t h e  s k i n  i s  accomplished by t h e  sweat and 

sebaceous glands.  The d a i l y  output  o f  sweat v a r i e s  from 400-600 m l ;  under 

c e r t a i n  cond i t ions ,  sweat s e c r e t i o n  can r i se  t o  10 l i t e r  and more 

(Kartamyshev, 1953; Kuno, 1961). 

The chemical composition of sweat depends on t h e  f e a t u r e s  of metabolism, 

t h e  s t a t e  of t h e  neuro-psychological sphere o f  t h e  i n d i v i d u a l ,  t h e  temperature 

o f  t h e  surrounding medium, t h e  n a t u r e  and i n t e n s i t y  of muscular a c t i v i t y ,  

e t c .  The l i m i t a t i o n s  t o  t h e  methods o f  c o l l e c t i n g  sweat from t h e  s u r f a c e  of 

t h e  body may t o  a c e r t a i n  degree d i s t o r t  t h e  t r u e  composition of t h e  s e c r e t i o n  

of t h e  sweat glands.  If sweat i s  c o l l e c t e d  during t h e  i n i t i a l  per iod of 

sweating, i t  w i l l  c o n t a i n  no t  only t h e  substances t h a t  e n t e r  i n t o  t h e  com

p o s i t i o n  o f  t h e  s e c r e t i o n  o f  t h e  sweat g l ands ,  bu t  a l s o  chemical compounds 

u s u a l l y  loca t ed  on t h e  s u r f a c e  of t h e  s k i n  ( s e c r e t i o n  of t h e  sebaceous glands,  

products  of decomposition of t h i s  s e c r e t i o n ,  d i r t  on t h e  s k i n ,  e t c . ) .  Only 

t h e  composition of t h e  sweat c o l l e c t e d  during p ro fuse  sweating can r e a l l y  

correspond t o  t h e  s e c r e t i o n  of t h e  cutaneous sweat glands.  

The composition o f  t h e  s e c r e t i o n  o f  t h e  sweat glands con ta ins  small 

amounts of a number of organic  and ino rgan ic  compounds ( a f t e r  Clemedson, 

1959) : l 2  

Water, % 

S o l i d  substances,  % 

Organic s o l i d  


subs t ances ,  % 

Ash, % 

Sodium c h l o r i d e ,  mEq/l 

Potassium, mEq/l 

Calcium, mEq/l 

Magnesium, mg% 

Copper, mg% 

Manganese, mg% 

S u l f a t e s  , mg% 


99.2-99.7 

0.26-0.78 


0.03-0.29 

0.14-0.57 

5- I48 

1-15 

1-8 

0.4-0.4 

0.4-7.5 

3.2-7.4 

4- 17 


I r o n ,  mg% 

Iodine,  f l u o r i n e  

and bromine 


Lac t i c  a c i d ,  mEq/l 

Glucose, mg% 

Witroeen. m& 

Urea n i t r o g e n ,  mg% 

Ammonia, mg% 

Crea t in ine ,  mg% 

Uric a c i d ,  mg% 

Amino ac id  n i t r o g e n  

Phenol 

Histamine 


l i s t e d  i n  t h e  Table,  t h e  

0.1-0.2 

Traces 
4-40 
0.1-9 
23- 140 
12-39 
5-9 
0.1-1.3 
0-15 
Traces 
Traces 
Traces 

s e c r e t i o n  of t h eIn a d d i t i o n  t o  t h e  substances 

sweat glands has a l s o  been found t o  
~ ~ ~ __-_~ i ~ ~ ~ -. = = _ = = . . i . i i l . - . i . i - - - 

con ta in  a r g i n i n e ,  h i s t i d i n e ,  l y s i n e ,  
...~ 

. .  . .  . > = . - - _ _ . _  . - _ .  . . . 

l2 The chemical composition of human sweat i s  a l s o  given i n  works by Ya. 
Kuno (1961) and S .  Robinson and A. Robinson, 1954). 
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phenylalanine,  tryptophan, s e r i n e ,  glutamic ac id ,  a s p a r t i c  a c i d ,  p r o l i n e ,  

methionine and c y s t i n e  ( I t 0  and Makayama, 1952, c i t e d  i n  Yas and Kuno, 1961). 

I .  Kral and A .  Zenisek (1958) found t h e  h i s t i d i n e  d e r i v a t i v e ,  u rocan ic  ac id  

i n  t h e  amount o f  10 mg% i n  t h e  composition of sweat.  Sweat a l s o  con ta ins  

sinal1 amounts of v o l a t i l e  f a t t y  a c i d s :  formic,  a c e t i c ,  b u t y r i c ,  p rop ion ic  

(Renk, 1886) and s u l f u r i c  a c i d  e s t e r s ,  l i p i d s ,  vi tamins,  a c e t y l c h o l i n e  and 

o t h e r  c h o l i n e - l i k e  substances (Kuno, 1961; Clemedson, 1959). 

The combination of chemical substances included i n  sweat man i fe s t s  a 

pronounced b i o l o g i c a l  a c t i v i t y .  The i n t r o d u c t i o n  of human sweat i n t o  t h e  

blood of experimental  animals causes a number of s e r i o u s  d i s tu rbances  i n  t h e  

organism, which i n  many cases  l ead  t o  a f a t a l  outcome (Lacour, Cier, 1963). 

The chemical composition of t h e  s e c r e t i o n  o f  t he  sebaceous glands has 

been s t u d i e d  i n  l e s s  d e t a i l  t han  t h a t  of t h e  sweat glands.  Normally func

t i o n i n g  sweat glands e x c r e t e  i n  t h e  course of a week about 100 g (and some

times 200-300 g) of "cutaneous f a t , "  con ta in ing  o l e i n ,  p a l m i t i n ,  t h e  s a l t s  

of f a t t y  a c i d s ,  p r o t e i n s ,  e x t r a c t i v e s ,  e t c .  (Kartamyshev, 1953). 

According t o  the  d a t a  of Yu. V .  Korolev (1961), t h e  cutaneous f a t  of 

hea l thy  i n d i v i d u a l s  con ta ins  about 30% f r e e  f a t t y  a c i d s ,  38% e s t e r s  of f a t t y  

a c i d s ,  32% unsapon i f i ab le  substances ( c h o l e s t e r i n ,  squalene,  e t c . ) .  The 

f r e e  f a t t y  ac ids  ( cap ro ic ,  enan th ic ,  e t c . )  amount t o  5 .5% of t h e  weight of 

t h e  cutaneous f a t .  There i s  about 24.3% h ighe r  f a t t y  a c i d s ,  7 .8% bound lower 

f a t t y  a c i d s ,  31.7% h ighe r  f a t t y  a c i d s ,  and 2 . 5 %  c h o l e s t e r i n  (by w t .  of cu

taneous f a t ) .  The s e c r e t i o n  of t h e  sebaceous glands i n  t h e  s k i n  a l s o  con ta ins  

p r o t e i n s ,  i no rgan ic  a c i d s  and t h e i r  sa l t s  ( S l o t e ,  1965). 

P o l l u t i o n  o f  t h e  cutaneous covering i s  not  only t h e  r e s u l t  of t h e  

s e c r e t i o n s  of t h e  sebaceous and sweat glands.  The s u r f a c e  of t h e  s k i n  con

t a i n s  sca l ed -o f f  ep i the l ium,  f a l l e n  h a i r  and p a r t i c l e s  of f eces  and u r i n e .  

Under t h e  a c t i o n  of t h e  oxygen i n  t h e  a i r ,  and a l s o  as t h e  r e s u l t  of t h e  

a c t i o n  of  enzymes of microorganisms t h a t  grow on t h e  s k i n ,  t h e r e  i s  decomposi- /82-
t i o n  of t h e  organic  and ino rgan ic  substances contained i n  t h e  above-mentioned 

sources  of p o l l u t i o n .  These processes  considerably complicate t h e  chemical 
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composition of t h e  cutaneous p o l l u t a n t s ,  i n  which 271 chemical substances 

have a l r eady  been found (Weber, 1967). 

However, no t  a l l  t h e  substances t h a t  p o l l u t e  t h e  s k i n  p a r t i c i p a t e  i n  

t h e  formation of t h e  a i r  medium i n  the  space beneath t h e  c l o t h i n g  and t h e  

atmosphere of he rme t i ca l ly . sea l ed  enclosures  of small volume. The substances 

which a r e  l i b e r a t e d  i n t o  t h e  surrounding medium from t h e  cutaneous e x c r e t a  

c o n s i s t  mainly o f  v o l a t i l e  organic  ac ids  t h a t  cause t h e  s p e c i f i c  odor of 

sweat (Clemedson, 1959) ,  C 0 2 ,  ammonia and o t h e r  ni t rogenous compounds 

( I l ' i n s k i y ,  1882) as wel l  as  methane and hydrogen (S lage r ,  1962).  

In  conjunction with G .  M .  Gorban, I .  J .  Kondrat'yeva and L .  T .  Poddubna

ya we determined t h e  i n t e n s i t y  of exc rea t ion  of s e v e r a l  gaseous chemical sub

s t ances  t h a t  may appear i n  t h e  space beneath t h e  c l o t h i n g .  

For t h i s  purpose,  we made a s p e c i a l  h e r m e t i c a l l y  s e a l e d  s u i t  out of 

polyethylene s h e e t i n g .  The s u b j e c t  donned t h i s  s u i t  i n  a w e l l - v e n t i l a t e d  

room and kept i t  on ( t o g e t h e r  w i t h  a p a i r  o f  unde r shor t s )  f o r  2-6 hours .  The 

experiments were conducted a t  normal barometr ic  p r e s s u r e ,  a t  an a i r  tempera

t u r e  of 19-20" with a r e l a t i v e  humiaity of 50-60%. 

The movement of t h e  a i r  t h a t  was pumped i n t o  t h e  s u i t  by a blower 

fol lowing p re l imina ry  c l ean ing  i s  shown i n  Figure 17. The a i r  from t h e  

space beneath t h e  s u i t ,  a f t e r  passing through a system of absorbers  f i l l e d  

with t h e  proper subs t ances ,  was r e tu rned  again t o  t h e  s u i t .  The r a t e  of 

movenent of t h e  a i r  beneath t h e  s u i t  was set  s o  t h a t  t h e  organism was no t  

overheated. For t h i s  purpose,  t h e  s u b j e c t ' s  temperature was taken o r a l l y  

every 30 minutes during t h e  t e s t .  During t h e  t ime of t h e  experiment, i t s  /83 
va lue  v a r i e d  wi th in  t h e  l i m i t s  of 36.4-37.0" i n  d i f f e r e n t  persons.  

The content  of  chemical substances was determined i n  t h e  a i r  and 

condensate c o l l e c t e d  from beneath t h e  s u i t  (Table 26) .  

The d a t a  p re sen ted  i n  t h e  Table i n d i c a t e  t h a t  cutaneous e x c r e t i o n  can 

c o n t r i b u t e  t h e  fol lowing substances t o  t h e  a i r  of he rme t i ca l ly  s e a l e d  environ

ments: ammonia and i t s  compounds, gaseous chemical substances from t h e  ketone 

and aldehyde groups,  v o l a t i l e  organic  a c i d s ,  mercaptans and hydrogen s u l f i d e ,  
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carbon monoxide, and c e r t a i n  o rgan ic  compounds, determined as a whole on t h e  

b a s i s  of carbon. 

T A B L E  26. CONTENT OF C E R T A I N  GASEOUS C H E M I C A L  SUBSTANCES I N  THE 
A I R  AND CONDENSATE C O L L E C T E D  

Substance 

Ammonia and its com
pounds ............ 

Aldehydes . . . . . . . . . . . .  
Ketones. ............. 
Organic acids con

per red  to acetric acid. 
Mercaptans and hy
drogen sulfide.. ...... 

Carbon monoxide.. . . . .  
Hydrocarbons converted 
to c................. 

FROM THE SPACE BENEATH THE SUIT. 

stance in  mg 

Conden
sate 

0,04 I,34 2,5 97,5 
'0 0,os 0 100 
0,7G 4,02 1 G  84 

0 1,66 0 100 

0,OG 0,40 12 88 
0,023 0 ,100 0 

0,02i 0 100 0 

Commas i n d i c a t e  decimal p o i n t s .  

Some of t h e s e  compounds d i s s o l v e  
2 

r e a d i l y  i n  water (ammonia and i t s  

compounds, aldehydes,  ketones,  o r 

ganic  a c i d s ,  hydrogen, s u l f i d e  and 

mercaptans).  Therefore ,  t h e i r  con

t e n t  i n  t h e  a i r  i n  t h e  space beneath 

t h e  c l o t h i n g  i s  u s u a l l y  r e l a t i v e l y  

small. Thus, f o r  example, t h e  amount 

of ammonia and i t s  compounds i n  t h e  

Figure 17. Diagram of Apparatus t o  
space beneath t h e  c l o t h i n g  i s  about 


Col l ec t  Samples o f  A i r  From Beneath 2 .5% of i t s  t o t a l  volume; f o r  ketones 

a Space S u i t .  1 ,  Polyethylene s u i t ;  t h e  f i g u r e  i s  16%, and f o r  mercaptans 

2 ,  S y s t e m  o f  chemical abso rben t s ;  

3 ,  Rheometer; 4 ,  Blower; Arrows: and hydrogen s u l f i d e  i t  i s  1 2 % .  How-

Direct ion o f  a i r  flow. eve r ,  t h i s  i s  by no means an ind ica  


t i o n  t h a t  t h e  r o l e  o f  wa te r - so lub le  gaseous products  of cutaneous e x c r e t i o n  


i n  t h e  formation of t h e  a i r  medium of he rme t i ca l ly  s e a l e d  cabins  i s  small. 
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Dissolved i n  t h e  water excreted i n  cutaneous p e r s p i r a t i o n ,  t h e s e  substances 

are absorbed by t h e  c l o t h i n g  and a r e  given o f f  c o n s t a n t l y  i n t o  t h e  atmosphere 

o f  t h e  cab in  i n  t h e  process  of deso rp t ion .  Therefore ,  t h e i r  content  i n  t h e  

composition of t h e  cutaneous e x c r e t i o n s ,  as well as t h e  content  of  carbon 

monoxide and e v i d e n t l y  methane too ,  must b e  taken i n t o  account i n  cons ide r ing  

t h e  t o t a l  e x c r e t i o n  of  metabolic products  i n t o  t h e  atmosphere of  a cabin of  

small volume. 
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CHAPTER V 


COMPOSITION OF THE AIR IN A HERMETICALLY SEALED CHAMBER 
OCCUPIED BY HUMAN BEINGS 

A cons ide rab le  body o f  material has been accumulated, d e a l i n g  with t h e  /84. 
problems o f  t h e  formatiov o f  t h e  a i r  environment i n  he rme t i ca l ly  s e a l e d  cham

b e r s  (Konecci, 1959; Schaefer ,  1959; S i e g e l ,  1960; S t i l l ,  1960; Thompson, 

1960; Lambersten, 1961; Ramskill,  1961; S lage r ,  1962; Schu l t e ,  1961, 1964; 

Schaefer ,  1964; S l o t e ,  1965 e t  a l . ) .  

The atmosphere i n  a s p a c e c r a f t  cabin c o n s i s t s  e i t h e r  of n i t r o g e n  and 

oxygen, o r  of  helium o r  oxygen. The cabin atmosphere a l s o  con ta ins  gaseous 

products  given o f f  by human be ings ,  equipment, coverings and o t h e r  sources  

(Burnazyan, Nefedov, Pa r in  e t  a l . ,  1967). 

The most complete d a t a  on t h e  composition of an atmosphere o f  t h i s  kind 

have been obtained i n  long-term experiments conducted i n  s p a c e c r a f t  s i m u l a t o r s .  

Thus, i n  a 56-day experiment with 4 vo lun tee r s  i n  a s p a c e c r a f t  simula

t o r ,  gas chromatography, i n f r a r e d  spectrometry and mass spectrometry were 

used by Adam e t  al,, (1966) t o  d e t e c t  68 chemical substances whose concen

t r a t i o n s  were below t h e  p h y s i o l o g i c a l l y  a c t i v e  l e v e l  and which had no s i g n i 

f i c a n t  e f f e c t  on t h e  s t a t e  of h e a l t h  o r  working a b i l i t y  of t h e  i n d i v i d u a l s  

(Ulvedal and Roberts ,  1966; Bartek,  Ulvedal and Brown, 1966; G l a t t e  and 

Giannet ta ,  1966). 

In  t h e  atmosphere of t h e  "Mercury" s p a c e c r a f t ,  To l ive r  and Morris (1966) 

found 59 chemical substances (30-day experiment with one s u b j e c t ) .  

I n  a 30-day experiment with 3 s u b j e c t s ,  To l ive r  e t  a l .  (1966) analyzed 

t h e  gas content  of  t h e  capsule .  The systems f o r  oxygen r egene ra t ion  and 

removal of excess carbon d iox ide  and hydrogen were i n  ope ra t ion .  The s u b j e c t s  

were forbidden t o  smoke. Using t h e  l a t e s t  techniques of analyzing t h e  a i r ,  

t h e  au tho r s  found more than  60 compounds. These included mainly t h e  follow

ing:  oxygen, n i t r o g e n ,  hydrogen, carbon d iox ide ,  carbon monoxide, methane, /85 
propane, n-butane,  butane-1,  n-pentane,  hexane-1, t rans-butane-2,  c is-butane-2,  
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isopentane,  3-methyl pentane,  2,2-dimethyl butane,  cyclohexane, t ranshexane,  

1,l-dimethyl  cyclohexane, ethyl-cyclohexane, e t h y l e n e ,  propylene,  i sobu ty lene ,  

ace ty l ene ,  i sop rene ,  t o l u e n e ,  benzene, o -xy lo l ,  m-xylol, p -xy lo l ,  l -chloro

propane, t r i c h l o r o e t h y l e n e ,  e thy lene  d i c h l o r i d e ,  v i n y l  c h l o r i d e ,  v iny l idene  

c h l o r i d e ,  methylene c h l o r i d e ,  methyl chloroform, acetone,  methyl-ethyl ketone,  

methyl-isopropyl ketone,  methyl a l coho l ,  e t h y l  a l coho l ,  propyl  a l c o h o l ,  b u t y l  

a l coho l ,  p rop ion ic  a c i d ,  b u t y r i c  a c i d ,  acetaldehyde,  formaldehyde, e t h y l  

fo rmia te ,  e t h y l  a c e t a t e ,  n-propyl a c e t a t e ,  n-dioxane, f reon-11,  freon-114, 

hydrogen s u l f i d e  and SO2. 

Approximately 70 chemical substances were found i n  t h e  atmosphere of a 

space capsule  i n  t h e  long-term experiments (17-30 days) conducted a t  t h e  

School of Aviation Medicine i n  San Antonio, Texas (McKee, Rhoades e t  a l . ,  

1963). The fol lowing were t h e  p r i n c i p a l  substances found i n  t h e  atmosphere 

of a "Mercury" capsule  s i m u l a t o r :  acetaldehyde,  a c e t y l e n e ,  acetone,  ammonia, 

benzene, carbon monoxide, carbon t e t r a c h l o r i d e ,  d ime thy l su l f ide ,  e t h a n o l ,  

methanol, e thy lene  ox ide ,  i sop rene ,  i s o b u t y r y l  aldehyde, methyl c h l o r i d e ,  

methyl-ethyl ketone,  s u l f u r  anhydride,  t o l u e n e ,  d i ch lo roe thy lene ,  t r i c h l o r o 

e thy lene ,  and o t h e r  compounds (c f .  McKee e t  a l . ,  1963; S l o t e ,  1965 e t  a l . ) .  

In  p o i n t i n g  out p o s s i b l e  sources  o f  harmful contaminants, t h e  above 

authors  l i s t  p r i m a r i l y  p l a s t i c s ,  l i f e - s u s t a i n i n g  systems and o t h e r  cabin 

equipment, and f i n a l l y ,  man h imse l f .  

Seve ra l  i n v e s t i g a t o r s  ( i n  p a r t i c u l a r ,  Concle, Mabson e t  a l . ,  1967) have 

made an attempt t o  determine t h e  r o l e  o f  Man i n  t h e  formation of t h e  atmos

phere of a s p a c e c r a f t  cabin s imula to r .  In  t h e  course o f  a 27-day experiment,  

t h e  authors  i d e n t i f i e d  and q u a n t i t a t i v e l y  eva lua ted  97 chemical compounds. A 

t o t a l  of 21 substances were found af ter  2 s u b j e c t s  had l i v e d  i n  t h e  chamber 

(14-27 day experiments) .  A t  t h i s  s t a g e  o f  t h e  experiment,  t h e  a i r  of t h e  

s i m u l a t o r  contained t h e  fol lowing compounds : prop ion ic  and v a l e r i a n i c  a c i d s ,  

butyraldehyde, mesi tylene,  methyl-p-butyrate ,  b u t y l  a c e t a t e ,  furan;  1 ,4-di

methoxybenzene, dimethyl fu ran ,  benzyl e t h e r ,  pen ta f luo roe thane ,  freon-113, 

s k a t o l e ,  d e c a l i n e ,  isomers of deca l ine ,  methane, propyl mercaptan, e thane,  

methyl amine, e thy lene  and carbon monoxide. The amount of t h e  l a t t e r  i n  t h e  
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s imula to r  a t  an a i r  temperature  of 21.1" and normal barometr ic  p r e s s u r e  r o s e  

a t  t h e  r a t e  of 0.39 ml/man/hr. The ra te  of i n c r e a s e  of methane reached 2.04 

ml/man/hr. The d a t a  from t h i s  experiment c l e a r l y  show t h e  inpor t ance  Of  

human metabol ic  products  i n  t h e  contamination of t h e  atmosphere of hermetic

a l l y  s e a l e d  chambers. However, s t u d i e s  i n  chambers f i l l e d  with m a t e r i a l s  and 

equipment make i t  d i f f i c u l t  t o  determine t h e  s i g n i f i c a n c e  of  t h e  t r u e  "human 

contaminants," s i n c e  t h e  m a j o r i t y  of products  of human v i t a l  a c t i v i t y  belong 

t o  t h e  same chemical c l a s s e s  of compounds of which man i s  n o t  t h e  s o l e  source.  

More i n d i c a t i v e  i n  t h i s  r e s p e c t  a r e  t h e  r e s u l t s  of experiments conducted i n  

v e n t i l a t e d  smooth-walled chambers. I n  similar experiments,  i t  was found t h a t  

a p r a c t i c a l l y  h e a l t h y  i n d i v i d u a l  e x c r e t e s  0 .3  l i t e r s  of methane d a i l y .  A t  

t h i s  r a t e  of  e x c r e t i o n ,  t h e  methane concen t r a t ion  i n  a he rme t i ca l ly  s e a l e d  

chamber can reach a l e v e l  dangerous t o  l i f e  a f t e r  30-40 days o f  an experiment 

(Gorban' e t  a l . ,  1964).  

-/86 

With carbon monoxide content  i n  t h e  expired a i r  of 0.016-0.038 m g / l i t e r s  

i t s  concen t r a t ion  i n  t h e  atmosphere of a he rme t i ca l ly  s e a l e d  chamber with a 

volume o f  24  m and 3 men i n s i d e  reaches t h e  extreme al lowable va lue ,  based3 


on t h e  8-hour e f f e c t  (0.02 m g / l i t e r s ,  on t h e  9 th  o r  10th day of t h e  experiment 

(0.023-0.027 m g / l i t e r ;  Bogatkov, Nefedov, and Poletayev,  1961). 

I n  t h e  s t u d i e s  of G .  M.Gorban' e t  a l .  (1964) it was shown t h a t  t h e  

t o t a l  exc re t ions  of products  of human v i t a l  a c t i v i t y  i n  t h e  atmosphere of a 

he rme t i ca l ly  sea l ed  chamber, converted t o  a 24-hour v a l u e ,  a r e  as fol lows:  

ammonia, 297.6 t 155.6 mg; carbon monoxide, 278.07 ? 160.8 mg i n  non-smokers 

and 417.04 ? 211.5 mg i n  smokers; hydrocarbons ( t o t a l ) ,  504.66 ? 333.2 mg; 

aldehydes,  0.59 t 0.28 mg; ketones,  232.2 ? 132.8 mg; mercaptans and hydrogen 

s u l f i d e ,  4.95 t 1.11 mg; f a t t y  a c i d s ,  89.45 ? 11.5 mg. The con ten t s  of some 

of t h e s e  substances i n  t h e  a i r  of t h e  chamber, i n  p a r t i c u l a r  CO,  ammonia, 

hydrocarbons and aldehydes,  by t h e  24th hour of t h e  experiment may exceed 

t h e  maximum al lowable concen t r a t ions  set  f o r  t h e  a i r  i n  i n d u s t r i a l  e s t a b l i s h 

ment s . 
I n  t h e s e  same s t u d i e s ,  L.  T. Poddubnaya determined t h e  content  of  

s e v e r a l  gaseous t o x i c  substances i n  t h e  atmosphere of a h e r m e t i c a l l y  sea l ed  
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chamber wi th  a volume of 5 m 3 i n  which a human being had s t ayed  f o r  5 hours .  

The t e s t s  employed p r a c t i c a l l y  h e a l t h y  men aged 20-23. From t h e  moment o f  

s e a l i n g  t h e  chamber, t h e  oxygen content  was kept  a t  t h e  20-21% l e v e l  by 

adding it c o n s t a n t l y  from a tank through a reducing valve and rheometer. 

The amount o f  carbon d iox ide  i n  t h e  chamber r o s e  c o n s t a n t l y  as a measure of 

i t s  product ion by t h e  s u b j e c t s  s o  t h a t  by t h e  5 t h  hour of t h e  experiment it 

had reached 2-2.5% (Table 27). 

TABLE 27. CONTENT OF CERTAIN T O X I C  SUBSTANCES IN THE 
ATMOSPHERE OF A HERMETICALLY SEALED CHAMBER OCCUPIED BY 
A HUMAN B E I N G  FOR 5 HOURS. 

7
. '  
i 

SubstancesI Number of de-
termination-

. ' - 6 k % t i t i o n  of th ,  
substance i n  the air  
mg/liter _+ T- - .-

Amm and its compound 25 0,0026 2 0,0014 
A1dehy des. . . . . . . .  22 Traces 
Ketones. . . . . . . . .  25 0,023 '0,007 
Hydro e n  sulfide and mer-

capFans . . . . . . . .  25 Traces 

Organic acids converted to 
acetic acid. . . . . .  24 0,0012 '0,0005 

Ca.rbon monoxide in e
iments with non-sm%% 12 0,012 '0, 0007 

In experiments
with smokers . . . . .  12 0,0182 0,Ol 

k o p a  &$yarbons conver-t-. . :...... I :-I. * .. 20 . .  0,026 50,013 . . . . . . . .  

Commas i n d i c a t e  decimal p o i n t s .  

I t  i s  c l e a r  from t h e  l a t t e r  Table t h a t  a 5-hour 

~-~ -
Value of the maximum allow-? 
able concentration (State Stan 

-___dard 245-63, mg/liter) 

0,02 

-

0.2 

0,005 

0,02 

0,02 

093 -. .

s o j u r n  by an i n d i v i d u a l  

i n  a he rme t i ca l ly  s e a l e d  chamber i s  accompanied by t h e  accumulation i n  t h e  


atmosphere of ammonia and i t s  compounds, aldehydes,  ketones,  hydrogen s u l f i d e  


and mercaptans, organic  a c i d s ,  carbon monoxide and hydrocarbons. After 5 


hours of t h e  experiment, t h e  concentrat ions of organic  a c i d s ,  ketones,  CO and 


hydrocarbons i n  t h e  a i r  of t h e  chamber n e a r l y  reaches t h e  l i m i t  o f  t h e  max


imum l e v e l  pe rmis s ib l e  for an 8-hour i s o l a t e d  e f f e c t  of  each of t h e s e  sub- /87
-
s t a n c e s .  The combined e f f e c t  of t h e  substances l i s t e d  i n  Table 27 caused a 

s ta te  of somnolence i n  t h e  ma jo r i ty  of s u b j e c t s ;  some o f  them complained o f  

headaches and f e e l i n g s  of exhaust ion.  
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A l l  o f  t h i s  i n d i c a t e s  t h a t  t h e  concen t r a t ions  given f o r  t h e  products  

of v i t a l  a c t i v i t y ,  even i n  short- term exposures,  are no t  harmless t o  t h e  

human organism. This view i s  supported by t h e  experiments of  0. A. Naumova 

(1960) which showed t h a t  products  o f  human v i t a l  a c t i v i t y  accumulated i n  

t h e  a i r  of a closed environment ( t o t a l  o x i d i z a b i l i t y  of  t h e  a i r  = 10-15 mg of 

0 2 / m 5 ) ,  even for a 2-hour exposure of  animals,  produces d e f i n i t e  d i s tu rbances  

of h i g h e r  nervous a c t i v i t y  i n  t h e  l a t t e r .  
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CHAPTER V I  


EFFECTS OF THE PRODUCTS OF THE V I T A L  A C T I V I T Y  OF AN O R G A N I S M  
ON E X P E R I M E N T A L  ANIMALS 

A Brief Discussion of t h m i c a l  C h a r a c t e r i s t i c s  o f  t h e  Pr incipal  
Gaseous Products o f  Vi ta l  A c t i v i t y  

A s  shown i n  t h e  preceding chap te r s .  t h e  primary gaseous products of (88 
v i t a l  a c t i v i t y ,  given o f f  by man, and t h e  secondary p roduc t s  from decomposing 

u r i n e ,  f e c e s ,  and sweat con ta in  a very complex mixture  o f  d i f f e r e n t  chemical 

substances having a v a r i e t y  of e f f e c t s  on t h e  organism. The i r  composition 

inc ludes  both ino rgan ic  compounds (CO, C 0 2 ,  ammonia, hydrogen s u l f i d e )  and 

o rgan ic  ones (acetone,  phenol,  i n d o l e ,  a l i p h a t i c  amines, hydrocarbons, 

a l coho l s ,  organic  a c i d s ,  e t c . ) .  In  o rde r  t o  demonstrate t h e  p o s s i b l e  n a t u r e  

of t h e  t o x i c  effect  o f  t h i s  complex combination of substances on t h e  organism, 

we must f i r s t  examine some b r i e f  d a t a  on t h e  toxicology of t h e s e  compounds. 

Acetone. The t o x i c  e f f e c t  of acetone i s  c h a r a c t e r i z e d  by a p r e f e r e n t i a l  

i r r i t a t i o n  of t h e  c e n t r a l  nervous system, d i s t u r b a n c e s  of conditioned r e f l e x  

a c t i v i t y  and t h e  development of k e t o s i s .  In  t h e  event  of chronic  i n t o x i c a 

t i o n ,  t h e r e  i s  a dec rease  i n  body weight,  anemia, d i s tu rbance  of l i v e r  func

t i o n s ,  ketonemia and k e t o n u r i a  ( P a t t i ,  1963). I r r i t a t i o n  of t h e  upper r e s p i r a 

t o r y  passages,  c o n j u n c t i v i t i s ,  headache and d i z z i n e s s  are a l s o  observed. 

Hematological s t u d i e s  r e v e a l  l eucocy tos i s  followed by leucopenia (Okuneva, 

1930). The albumin l e v e l  i n  t h e  blood serum decreases  (Bacin e t  a l . ,  1960). 

The marked e f f e c t  of acetone causes inc reased  a c t i v i t y  of blood c a t a l a s e  

d u r i n g  t h e  f irst  hours and a decrease i n  i t s  a c t i v i t y  l a t e r  on (Dienes, 

Tofa lv i e  and Csotos,  1965) as we l l  as a change i n  i t s  c h o l i n e s t e r a s e  a c t i v i t y  

(Mikhaylov, P i l i pyuk ,  1968). 

Data on t h e  t o x i c  concen t r a t ions  o f  acetone f o r  va r ious  types of 

l abora to ry  animals are given i n  Table 28. 
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T A B L E  28. T O X I C I T Y  OF ACETONE FOR VARIOUS LABORATORY 
AN I MALS (LAZAREV, 1 9 6 3  ; P A T T I  , 1 9 6 3 )  _ _ ~ _ _. -

Acetone con- Exposure Degree of toxic 
A n i m a  centra tion",- I in hours effectmg/liter -

White mice 150 2,o 
110,o 
48,O 

1,o
1,5 

White rats 

40,O 
40,o 

300 ,O  

3 ,o 
290 

1,75-2,25 
100,o 4,5-5,5 
100,o 1,75-2,0 

50,O 2-2,5 
25 ,o 1,5-3,0 

10,o 8,O 
Guinea pigs 95,O 4-8,0 

Rabbit 
47 , o  

1 ,2.i--?.,5 
8-9 
2,o 

Cat 
8%-10,o 
5--G 

5 ,o 
7 

Death 
, 

Narcosis 

Lateral position 
Death 

> 

Absense of corneal reflex 
Disappearance of reflexes 
Initial signs of poisoning 
N o  visible signs of poisoning 
Pronounced intoxication 
Disappearance of reflexes 

Change in rate of develop

ment of reflex muscle 

stress 

Irritation of inucous membranes 

Does not produce disturbances 

of conditioned reflexes 


Commas i n d i c a t e  decimal p o i n t s .  

A t  our r e q u e s t ,  P .  A.  Kolesnikov conducted s p e c i a l  s t u d i e s  on white  

mice t o  determine t h e  th re sho lds  of  t h e  acu te  e f f e c t  of acetone.  The para- /89 
meters of acu te  t o x i c i t y  were determined i n  advance. Experiments were per

formed on male white mice weighing 20-25 grams. Each concen t r a t ion  of acetone 

was s tud ied  i n  10 animals.  The acetone content  i n  t h e  a i r  was monitored 

a n a l y t i c a l l y .  The acetone was determined by t h e  method of F .  D .  Shikhvarger 

(1954). The r e s u l t s  of t h e  s t u d i e s  were analyzed by t h e  method of t e s t  probe 

a n a l y s i s .  To determine t h e  t h r e s h o l d  of t h e  acu te  e f f e c t  i n  white mice with 

2-hour poisoning by i n h a l a t i o n ,  t h e  r e c t a l  temperature was measured with t h e  

a i d  of a previously c a l i b r a t e d  thermocouple and t h e  de fens ive  condi t ioned 

r e f l e x e s  were t e s t e d  by t h e  method of  I .  S.  Aleksandrov and M .  G .  Tsybina 

(1947) i n  t h e  modif icat ion of V .  P .  Paribok (1954). In  a d d i t i o n ,  t h e  

"working capaci ty"  of t he  animals was determined by measuring t h e  time t h e  

animals could hold onto v e r t i c a l  rods .  The r e s u l t s  of t h e s e  s t u d i e s  are 

given be 1ow. 
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Acetone concen t r a t ion ,  m g / l i t e r  Degree of t o x i c  e f f e c t  
72.3 cLloo 

56.5(50.6 + 61.8) cL50 
2.46 Disturbance of "working capaci ty"  
0 .7  Drop i n  r ec t a l  temperature  

0.15-1.83 Disturbance of condi t ioned r e f l e x  
a c t i v i t y  

I n  man, a 5-minute exposure t o  acetone a t  a concen t r a t ion  of 2 2  m g / l i t e r  

(9,300ppm) causes i r r i t a t i o n  of t h e  upper r e s p i r a t o r y  passages ( se l f -obse rva 

t i o n  by Kagan) (Kagan, 1924). A concen t r a t ion  which i s  almost 20 t imes l e s s  

(500 ppm, f o r  1 minute) a l s o  causes i r r i t a t i o n  of t h e  mucous membranes o f  t h e  

eyes and t h e  upper r e s p i r a t o r y  passages i n  man (Carpenter and Smyth, 1946; 

Nelson e t  a l . ,  1953; Gomer, 1960). 

A t  a concen t r a t ion  of 0 .01 m g / l i t e r  f o r  7-8 hours exposure, acetone pro

duces an i n c r e a s e  i n  t h e  l e v e l  of k e t o n i c  bodies  i n  t h e  blood i n  man (Kustov, 

1967). 

Ammonia i s  an i r r i t a n t  po i son ,  High concen t r a t ions  o f  ammonia cause ir

r a t a t i o n  of t h e  c e n t r a l  nervous system and can l ead  t o  c o l l a p s e  and spasms. 

Breathing of moderate amounts of ammonia produces b r o n c h i t i s ,  t r a c h e i t i s  and 

l a r y n g i t i s  (Lockens, 1961). I n t o x i c a t i o n  i s  accompanied by an i n c r e a s e  i n  

t h e  blood ammonia content  and leads t o  i r r i t a t i o n  of  t h e  l i v e r .  Death i n  

t h e  case of s eve re  poisoning by ammonia may be t h e  r e s u l t  o f  t h e  development 

of c a r d i a c  weakness, and i s  more o f t e n  t h e  consequence of edema of t h e  larynx 

o r  lungs (Lazarev, 1963). Chronic i n t o x i c a t i o n  by ammonia t akes  t h e  form o f  

c a t a r r h  of t h e  upper r e s p i r a t o r y  passages,  accompanied by c o n j u n c t i v i t i s  and 

anemia (Letavet , 1964). 

Biochemical s t u d i e s  have shown t h a t  poisoning by ammonia i n c r e a s e s  t h e  

content  of r e s i d u a l  blood n i t r o g e n  (Recine, 1956), i n c r e a s e s  t h e  a c t i v i t y  of 

glutamic o x a l o - a c e t i c  transaminase (L-aspa r t a t e :  L-oxyglutarate-amino-trans
- f e r a s e  2 .6 .1 .1 . )  and glutamic pyroracemic t ransaminase (L-ananine: L-oxyglu

t a ra t e -amino- t r ans fe ra se  2 . 6 . 1 . 2 . )  and produces t o x i c  h e p a t i t i s  ( P i l g e r s t o r f e r ,  

1963). Increased ammovia content  i n  t h e  blood and t i s s u e s  causes i n h i b i t i o n  

of t i s s u e  r e s p i r a t i o n  and d i s tu rbance  of a c e t y l c h o l i n e  metabolism (Kozlov, 
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1962). Excess ammonia i n  t h e  blood l eads  t o  inc reased  amination of a-keto

g l u t a r i c  a c i d  t o  glutamic,  which d i s t u r b s  t h e  normal func t ion  of t h e  Krebs 

cyc le .  This i n  t u r n  l eads  t o  accumulation of a c e t y l  coenzyme A and provokes 
t h e  development of  acetonemia and ace tonur i a  (Leytes and Lapteva, 1967). The 

t o x i c  concen t r a t ions  o f  ammonia f o r  l a b o r a t o r y  animals are shown i n  Table 29. 

Data on t h e  t o x i c  e f f e c t  of ammonia on t h e  human organism a r e  shown 

i n  Table 30. 

T A B L E  29. TOXICITY OF AMMONIA FOR V A R I O U S  LABORATORY 
AN I M ALS 
- .- - .  -_-

Lmmonia :?rpo?re
Animals 'oncentra- line in . Degree of Source 

.- .  .-. . 

ion, mg/L hours 
-... 

I 
.-. 

toxic effect 
.. 

;;;v- 1Alpatov, 1963White mice 3 , S ( 3  74- 2 ,o  ban
*4:3
0,05 290 gen consumption s . 

0,03 2,o Change in  threshold * v 
f nervous and inus 

cular excitation 
White rats 776 

0 ,OS5 

0,025 2 j 0  'Irritation of u per
:espiratory patRways 

,> x 

Guinea pigs, 11,o - Rapid death Lqzarev, (ed. ), 1963 
rabbits, etc. 7,@ 3 , o  Death J ,  .( 

3 , 5 - 5  ,o 1 5-4 ,@ Lung infection Il n 

0,35 4 @ Lung irritation 0 Y 

Commas i n d i c a t e  decimal p o i n t s .  

A s  Tables 29 and 30 i n d i c a t e ,  t h e  human organism i s  much more s e n s i t i v e  /91-
t han  t h e  animal organism t o  t h e  t o x i c  e f f e c t  of ammonia, and r e a c t s  t o  very 

small concen t r a t ions  of it. 

I n  a d d i t i o n  t o  i t s  i n h a l a t i o n  e f f e c t s ,  ammonia has a pronounced l o c a i  

e f f e c t  on t h e  s k i n ,  mucous membranes of t h e  eyes and upper r e s p i r a t o r y  

passages.  

Action of  ammonia on t h e  s k i n  i s  c h a r a c t e r i z e d  by edema, serous v e s i c l e s  

and d i s tu rbance  of  t h e  i n t a c t n e s s  of t h e  cutaneous covering (Vol'fovskaya and 

Davydova, 1945) 
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TABLE 30. EFFECT OF A M M O N I A  V A P O R  O N  THE H U M A N  
ORGAN I SM 

__ ___ 
immonia concen
ration, mg/_lgter--_ 

0,35-07 
0,49 
0 3  

091 
0,07 

0,04-0,05 

0,02 

0,Ol 
0,0005 

0,00045 

0,00035 
0.013 during 7-81 

hours 

- ._ - .  

Degree of toxic effect 

May be dangerous for l ife 
Irritation of eyes 
Irritation of larynx 
Irritation 
Complete suppression of rhythm in EEG 

Slowing of respiration, reduction 
of amplitude of rhythm in EEG 

Change in electrical potential
of skin1 
No effect 
Threshold of olfactory precepkion 
Reduction of sensitivity of 
eyes to light 

Change in the electrical 
activity of the brain 

Increased urea content in the 
blood and increased ammonia 
content in the urine 

- -

Source 
.- - .~-

Lazarev. 1963 
> D 

> 

, 4 . 

Alpatov, 1963 

0 

:Sayfutdinov, 1967 
D Y 

V D 

Kustov, 1967 

Commas i n d i c a t e  decimal p o i n t s .  

The long-term continuous i n h a l a t i o n  e f f e c t  o f  ammonia has been s t u d i e d  

i n  experiments on wh i t e  r a t s .  I t  was found t h a t  a 60-day exposure t? t h e  

e f f e c t s  of ammonia i n  a concen t r a t ion  of 0 , 0 3 6  m g / l i t e r  produces an i n c r e a s e  

i n  t h e  content  o f  leucocytes  i n  t h e  blood and a change i n  oxygen consumption 

(Alpatov, 1962). I n  s m a l l e r  concen t r a t ions  (0.020 m g / l i t e r )  bu t  with exposure 

f o r  84 days,  ammonia produced a sho r t en ing  o f  t h e  t ime of r e f l e x  r e a c t i o n s  

i n  white  r a t s ,  i n h i b i t i o n  of t h e  c h o l i n e s t e r a s e  a c t i v i t y  and inc reased  ex

c r e t i o n  o f  coproporphyrinand ammonia with t h e  u r i n e  (Sayfutdinov, 1967). 

A l i p h a t i c  amines. Of t h e  gaseous product  of v i t a l  a c t i v i t y  of man, 

t h e  a l i p h a t i c  amines t h a t  a r e  most o f t en  found are methylamine, dimethylamine 

and trimethylamine (Burnazyan. Nefedov, Pa r in  e t  a l . ,  1967). 

The t o x i c  e f f e c t  of a l i p h a t i c  amines i s  c h a r a c t e r i z e d  by t h e  d i s tu rbance  

o f  t h e  func t ion  of  t h e  c e n t r a l  nervous system, s i g n s  of i t s  e x c i t a t i o n  with 

subsequent i n h i b i t i o n ,  and by spasms. I r r i t a t i o n  of t h e  upper r e s p i r a t o r y  

passage i s  u s u a l l y  noted (Brieger  and Hodes, 1951). The a l i p h a t i c  amines can 

be arranged as follows according t o  t h e i r  degree of t o x i c i t y :  methylamine, 

ethylamine, amylamine, dimethylamine, t r imethylamine,  and t r i e t h y l a m i n e  
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(Brunton and Cach, 1885). The t o x i c  concen t r a t ions  o f  s e v e r a l  a l i p h a t i c  

amines are l i s t e d  below (Table 3 1 ) .  

T A B L E  31. TOXICITY OF SEVERAL A L I P H A T I C  AMINES FOR LABORATORY 
1 I MALS . - . -. ... .. -..-. - .. Coiicentr 

Substance Animal tion of Source 
mg/liter 

. . .- . .  - _  

Methylamine 
White 

mice 2,3 Lazarev, 1963. 

Rabbit 0,3 

)) 
0,05 >orbachev, 1957 

Cat 0.2 

Dimethylamine 
White 

inice 

2,3-2,5 

0,07 
Cremneva and Sanina, 1961. 

0,03 
0,005 

9 2,3-2,5 
Jhite rats 0,005 

0,003 

Dimethylamine 

I
\ Trimethylamin6 

IRa bbits 
Cats 

White 
mice 

0,10 

@,/t 

25,s 

Lazarev, 1963 

Mezentseva, 1956 
Rotenberg and Mashbits, 196 

I 
I i4,3 

0.075 
White rats 

. .- .. 

Degree of toxic effect 

Death 
Change i n  characteristic of 
unconditioned reflex 

Dis rbance of conditioned
re&exes 


Irritation of respiratory

passages 


Death 

Average lethal concentration 

Lliniinum lethal concentratioi 

Threshold concentration on 

basis of duration of swiinmin 


5070mortality 

Disturbances of conditioned 

reflex activity 


N o  disturbance of conditione1 

reflexes 

Chan e in the nature of the

f lexde reflex 


Excessive salivation 

8470mortality 


0% mortality 

Lymphopenia, enlargement ( 

a drenals, suppression of neu 
rosecretion in the bodies of 
nerve cells in the anterior 

l hypo_thak- . -

Commas i n d i c a t e  decimal p o i n t s .  

A human being can d e t e c t  t h e  odor of dimenthylamine a t  a concen t r a t ion  

of 0.0005-0.001 m g / l i t e r ,  and t h e  odor o f  dimethylamine [ S i c. . . .Tr.Note] a t  a 

concentrat ion of 0.0025 m g / l i t e r .  The th re sho ld  o f  d e t e c t i o n  of t h e  odor of 

tr imethylamine i s  0.002 m g / l i t e r  (Rotenberg and Mashbits, 1967). The t h r e s 

holds o f  t h e  i r r i t a n t  e f f e c t  of mono- and dimethylamine f o r  man, a r e  0.01 and 

0 .05  m g / l i t e r  r e s p e c t i v e l y ,  (Lazarev, 1963). S i m i l a r  r e s u l t s  f o r  t h e  t o x i c i t y  

of a l i p h a t i c  amines a r e  given i n  t h e  works (William and Su t ton ,  1963).  
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Carbon monoxide is  a t y p i c a l  anoxic poison which b locks  oxygen t r a n s 

p o r t  by blood hemoglobin and i n h i b i t s  t i s s u e  r e s p i r a t i o n .  I n t o x i c a t i o n  by 

carbon monoxide i s  c h a r a c t e r i z e d  p r i m a r i l y  by i r r i t a t i o n  of  t h e  c e n t r a l  n e r 

vous system. C l i n i c a l  cases of poisoning by carbon monoxide show t h e  e x i s t 
ence o f  an exc lus ive  polymorphism, r e l a t e d  t o  t h e  d i s t u r b a n c e  of t h e  a c t i v i t y  

of almost a l l  systems of t h e  organism. In  a d d i t i o n  t o  t h e  nervous system, 

t h e r e  i s  a l s o  i r r i t a t i o n  of t h e  ca rd iovascu la r  system, t h e  r e s p i r a t o r y  system, 

t h e  endocrine system, and t h e  hemopoietic system. Changes are descr ibed 

involving t h e  organs of v i s i o n  and hea r ing ,  with i r r i t a t i o n  of t h e  cutaneous 

coverings.  Biochemical s t u d i e s  r e v e a l  d i s tu rbances  of  carbohydrate metabolism 

(hyperglycemia, e t c . ) ,  n i t r o g e n  metabolism (azotemia,  i nc reased  ammoniacal 

c o e f f i c i e n t ,  e t c . ) ,  water-salt metabolism (hypercalemia,  e t c . )  mineral  

metabolism and oxygen-alkal ine equi l ibr ium, as wel l  as i n h i b i t i o n  of a number 

of enzyme systems. De ta i l ed  d a t a  on t h e  toxicology o f  carbon monoxide a r e  t o  

-/93 

be found i n  papers by L .  A. Tiunov (1953, 1963) and L .  A .  Tiunov and V .  V .  /94 
Kustov (1969). 

Data on t h e  t o x i c  concen t r a t ions  of carbon monoxide f o r  va r ious  types 

of l abora to ry  animals are l i s t e d  i n  Table 32. 

The f i r s t  s i g n s  o f  i n t o x i c a t i o n  by carbon monoxide a r e  no t i ced  2-3 hours 

a f t e r  i t s  e f f e c t  i n  a concen t r a t ion  of 0.22 m g / l i t e r  i n  t h e  event o f  exposure 

of man t o  CO i n  a concen t r a t ion  of 0.88 m g / l i t e r  a f t e r  45 minutes headache, 

muscular weakness and nausea a r e  observed. A t  t h e  same concen t r a t ion  f o r  2 

hours ,  l o s s  of consciousness and c o l l a p s e  ensue. The a c t i o n  of carbon monoxide /95 

f o r  1 - 1.5  hours i n  a concentrat ion.  of 1 .8 -2 .3  m g / l i t e r  causes lo s s  of con

sciousness  i n  man; dea th  i s  p o s s i b l e  (Lazarev, 1963).  Thus, as f a r  as t h e  ef

f e c t s  of CO are concerned, man i s  more s e n s i t i v e  t o  i t s  t o x i c  e f f e c t s  than 

are l a b o r a t o r y  animals.  

In long-term exposure t o  carbon monoxide, according t o  t h e  d a t a  of I .  D .  

Gadaskina e t  a l .  (1958, 1961),  i n  concen t r a t ion  o f  0.03 m g / l i t e r  (100 days,  6 

h r s .  d a i l y ) ,  guinea p i g s ,  r a b b i t s ,  white r a t s  and mice showed a dec l ine  i n  

"working capaci ty ,"  a change i n  oxygen consumption, an i n c r e a s e  i n  t h e  number 

o f  sub-threshold impulses producing t h e  f l e x o r  r e f l e x ,  unpleasant  changes 
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with r e s p e c t  t o  t h e  ca rd iovascu la r  system ( r a b b i t s ) ,  i nc reased  a c t i v i t y  of 

t h e  t h y r o i d  gland and lengthening of  t h e  t ime f o r  e s t a b l i s h i n g  t h e  b rea th ing  

r a t e  i n  measured work (guinea p i g s ) .  

TABLE 32. TOXICITY OF CARBON MONOXIDE FOR 

Animals tion of1 mg/liter 
Time, hrs. I Effect 
- - .  

White rats 

I 3'0 

n , i  - - n , 2  

cL'O 

mcreased t ime for 
Rexile reflex 

Death 

Death 
,hanged condition 
:eflex activity 

LABORATORY ANIMALS 

[ Source 

1 Belyayev (ci t id  in Tiunov 

Zakusov, 1937 

Wirth, 1930 
Yavich, 1928 

Flyuri and Tsernik, 1931 
Gorsheleva, 1944 

Commas i n d i c a t e  decimal p o i n t s .  

Our experiments with male white  r a t s  showed t h a t  continuous 24-hour 

poisoning with carbon monoxide i n  a concen t r a t ion  of 0.012 'I 0 . 0 0 5 m g / l i t e r  f o r  

85 days produces i n h i b i t i o n  of t h e  growth of  experimental  animals,  erythrocy

t o s i s ,  i nc reased  " a l t i t u d e "  c e i l i n g  and a change i n  t r a i n a b i l i t y  f o r  phys i ca l  

s t r e s s .  
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I n  man, i n h a l a t i o n  o f  carbon monoxide i n  a concen t r a t ion  o f  0.11 mg/ 

l i t e r  causes many d i s tu rbances  i n  t h e  mental sphe re  (Schu l t e ,  1963). Accort. 

ding t o  t h e  d a t a  o f  V .  V .  J u s t o v a  (1967), exposure t o  carbon monoxide f o r  7 

hours a t  a concen t r a t ion  o f  0.013 m g / l i t e r  produces a drop i n  oxygen comsump

t i o n  i n  man, a drop i n  t h e  c o e f f i c i e n t  of i t s  usage,  an inc reased  number of 

e r r o r s  i n  performing mental t e s t s  and changes i n  t h e  EKG.  

Phenol has an unpleasant  odor and an i r r i t a t i n g  and g e n e r a l l y  t o x i c  

e f f e c t .  I t  i s  a protoplasmic poison t h a t  a f f e c t s  p r i m a r i l y  t h e  nervous 

system. I t s  a c t i o n  i s  accompanied by t h e  development of v e g e t a t i v e  r e a c t i o n s ,  

slowing o f  r e s p i r a t i o n ,  nausea, and vomiting. The t o x i c i t y  of phenol f o r  

d i f f e r e n t  animals v a r i e s  (Table 33) .  Poisoning of human beings by phenol 

vapor has been observed when i t s  content  i n  t h e  a i r  was 0.0088-0.0122 m g / l i t e r  

(Petrov,  1960). Chronic i n t o x i c a t i o n  by phenol i s  accompanied by i r r i t a t i o n  

of t h e  upper r e s p i r a t o r y  passages,  dyspep t i c  phenomena, i r r i t a b i l i t y ,  i n 

somnia, tendency t o  p e r s p i r e  and kidney damage (Dolgov, 1933).  C o n j u n c t i v i t i s ,  

c a t a r r h  of t h e  upper r e s p i r a t o r y  passages,  i nc reased  f a t i g a b i l i t y  and d i z z i 

nes s  have a l l  been observed. 

TABLE 33. T O X I C I T Y  OF PHENOL FOR LABORATORY ANIMALS 
___ _I. -. . I . . . . . ~  

Animal 	 Concentra- Exposure Degree of toxicity
tion mg/l  hours 
_ _ . .  - - - -. 

hite lnice 0,02 90 days CLO -3,7 Death -322 CLo 
Mhite rats 

0,02 90 days CLO 

Guinea pigs1 0,1--0,2 , hours daily Decrease in  weight Lazarev, 1963
lfor 20 days
I 

Irritation of lungs, 
0,05-0,157 6 hours dail] liver and kidneys Kumatowski, 1961 

for 71 days 

White' rats O , O O j - O , ~  60 days Mukhitov, 1963 

continuously Change in blood cholinesterase 
activity, disruption of porphyri 
metabolism, change in motor 
chronaxy.

I 
Y. -

Commas i n d i c a t e  decimal p o i n t s .  



Biological  s t u d i e s  have shown t h a t  phenol causes distuybances of a c e t y l 

chol ine metabolism; it changes t h e  a c t i v i t y  o f  t h e  blood c h o l i n e s t e r a s e  and 

d i s t u r b s  prophyrin exchange (Mukhitov, 1963). Phenol a l s o  has a l o c a l  e f f e c t  

t h a t  causes d e r m a t i t i s .  The th re sho ld  of pe rcep t ion  o f  t h e  odor of phenol i s  

0.029 mg/m 3 . The e f f e c t  o f  phenol a t  a concen t r a t ion  o f  0.022 mg/m3 causes /96 
i nc reased  s e n s i t i v i t y  of t h e  eyes t o  l i g h t  i n  man(Mukhitov, 1963). 

Indole has a sha rp  unpleasant  odor.  I t s  t o x i c  e f f e c t  i s  c h a r a c t e r i z e d  

by i r r i t a t i n g  and r e f l e x  e f f e c t s ,  I n  90-day continuous exposure of expe r i 

mental animals,  i d o l e  i n  a concen t r a t ion  of 0 . 5  m g / l i t e r  caused t h e  dea th  o f  

two monkeys out of 16,  5 ra ts  out of 50 and 2 2  mice out o f  100 (Thomas and 

Beck, 1967). Myeloid l e u c o s i s  develops i n  white  mice under t h e  in f luence  of 

i ndo le .  In  man, i d o l e  produces nausea and o the r  unpleasant  symptoms (Lazarev, 

1963). 

Hydrogen s u l f i d e  i s  an anoxic poison t h a t  produces t i s s u e  anoxia due 

t o  blockage of t he  i ron -con ta in ing  enzyme system. I t  has a pronounced irri

t a t i n g  e f f e c t .  The t o x i c i t y  of H 2 S d i f f e r s  f o r  va r ious  animals (Table 34) .  

In man, poisoning occurs  immediately upon exposure t o  1 m g / l i t e r  of hy

drogen s u l f i d e  and dea th  r e s i i l t s  from prolonged b rea th ing .  A 4-hour exposure 

t o  hydrogen s u l f i d e  i n  a concen t r a t ion  of 0.006 m g / l i t e r  i n  man produces 

headache and l ac r ima t ion  (Arutyunov, 1934).  Biochemical s t u d i e s  of poisoning 

by hydrogen s u l f i d e  have involved r e sea rch  on t h e  a c t i v i t y  of a c i d  and a lka 

l i n e  phosphatase of desoxyribonuclease I1 i n  t h e  nervous system of t h e  r a b b i t  

(Kaminski and Mikolojczyk, 1967), and t h e  mineral  content  o f  t h e  plasma and 

t i s s u e s  (Kosmider and Rogala, 1967). 

Af t e r  chronic  exposure t o  hydrogen s u l f i d e ,  v i c t ims  develop b r o n c h i t i s ,  /97 
c o n j u n c t i v i t i s ,  and d i s tu rbances  of t h e  f u n c t i o n  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t ;  

they s u f f e r  from d i s tu rbances  o f  s l e e p  and v i s u a l  d i s o r d e r s  (Khagen, 1961).  

There i s  a p o s s i b i l i t y  of a drop i n  hemoglobin and e r y t h r o c y t e  levels  (Le tave t ,  

1964). Also evident  a r e  vaso -vege ta t ive  d i s tu rbances ,  i n c r e a s e  of r e f l e x e s ,  

i nc reased  dermographism, arcocyanosis ,  and tremor of t h e  f i n g e r s  (Grigor 'yev, 

1967). 
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TABLE 34.  TOXICITY OF H Y D R O G E N  SULFIDE FOR LABORATORY 
AN I MALS 

-I_- - 7Concentra- Degree of toxicityAnimal 
tion mA/l.. 
-I 

Vhite micl f J15  
CLlO After Lazarev (ed,), 1963 

120 cLlQQ DittoOY9 CLGB 8
028 cL30
097 CL?0,03 

CL20 Thomas and Beck, 1967 
White rat! 	 0,03 CL?4 Ditto0,02 

Change in conditioned Shchur (cited in LaZarev), 1963 
reflex activity 

;uinea pig 092 Initial symptoms of Ditto
poisoning

Rabbits 0,8-l,25 i1/4--8 Death * 0,06 - Change in flexive reflex Filippovich, 1950 
0,014 3 weeks, 8 hrs. 	 Irritation, conjunctivitis, 

corneal defects, changes i I  
weise, 1933 

daily gastrointestinal tract. 
Cats o , i9  Irritation of mucous 

membranes, salivation Lazarev, 1963 

Dogs 0,14-0,2 1 - First symptoms of 
Monkeys 0,03 90 days 

intoxia tion Ditto 
CLO Thomas and Beck, 1967. 

-*.- .. . - ,- - .  - ._ , _  __. .- . .~ 

Commas i n d  c a t e  decimal p o i n t s .  

The th re sho ld  of o l f a c t o r y  percept ion of hydrogen s u l f i d e ,  according t o  
3B. K .  Baykov (1964), i s  0.014-0. 3 mg/ . Duan’ Fyn’-Zhuy (1959) obtained -

3similar d a t a ,  0.01-0.03 mg/m . The s e n s i t i v i t y  of t h e  eyes t o  l i g h t  changes 

under t h e  in f luence  of  hydrogen s u l f i d e  i n  a concen t r a t ion  of 0.012 mg/m 3 

(Baykov, 1964). 

T h e  Combined Ef fec t  o f  Gaseous Products of Vital  A c t i v i t y  
-. _ _  _- -

Considerat ion of t h e  t o x i c  p r o p e r t i e s  of some of t h e  compounds t h a t  

e n t e r  i n t o  t h e  composition of t h e  gaseous products  of v i t a l  a c t i v i t y  has 

shown t h a t  t hey  have d i v e r s e  e f f e c t s  on t h e  organism. I t  i s  t h e r e f o r e  prac

t i c a l l y  impossible  t o  g e t  an i d e a  of t h e  i r r i t a t i o n  produced by a mixture  of 

a l l  t h e s e  substances.  We can expect t h a t  t h e  mixture  w i l l  have an unpleasant  

odor and have an i r r i t a t i n g  e f f e c t .  However, t h e  gene ra l  t o x i c  a c t i o n  of t h i s  
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mixture w i l l  e v i d e n t l y  b e  more complex. We must a n t i c i p a t e  t h a t  under t h e  

cond i t ions  of he rme t i ca l ly  s e a l e d  cab ins  t h e  chemical substances w i l l  a c t  on 

man f o r  long pe r iods  of t i m e .  This means t h a t  completely new and unexpected 

e f f e c t s  no t  manifested by t h e  i n d i v i d u a l  components of t h e  gas mixture may 

appear. In p a r t i c u l a r ,  G.  S tokinger  (1967) p o i n t s  ou t  t h a t  under analogous 

cond i t ions  t h e  n a r c o t i c  and i r r i t a t i n g  e f f e c t s  may not  appear bu t  t h e r e  w i l l  

be  d i s tu rbances  connected wi th  t h e  i n h i b i t i o n  of enzyme a c t i v i t y .  I t  i s  

t h e r e f o r e  necessary t o  c a r r y  ou t  s p e c i a l  s t u d i e s  t o  i n v e s t i g a t e  t h e  t o x i c i t y  

of t h e  substances under cond i t ions  o f  t h e i r  prolonged and continuous a c t i o n  

(Tiunov and Savateyev, 1962). These s t u d i e s  c o n s t i t u t e  one of t h e  problems 

of t h e  toxicology of c losed  eco log ica l  systems (Lazarev, 1967; Kustov and 

Tiunov, 1968). Another d i f f i c u l t y  i n  t h e  eva lua t ion  of t h e  b i o l o g i c a l  e f f e c t  

of a mixture  o f  gaseous products  of v i t a l  a c t i v i t y  i s  t h e  i n s u f f i c i e n c y  of 

knowledge of t h e i r  combined e f f e c t .  A t  t h e  same t ime,  t h e  t o x i c  e f f e c t s  of 

t h e s e  compounds can e i t h e r  be summed ( a d d i t i v e  e f f e c t ) ,  a t t e n u a t e d  (antago

nism), o r  i n t e n s i f i e d .  I t  i s  a l s o  p o s s i b l e  f o r  "independent" e f f e c t s  t o  

occur.  Besides,  t h e s e  products can i n t e r a c t  with one another  and with t h e  

components of t h e  a i r  medium, wi th  formation of s t i l l  unknown and unstudied 

substances.  

Carbon monoxide and carbon dioxide.  Data on t h e  combined e f f e c t  of 
. . -~ . . i_~ ~-

carbon monoxide and carbon d iox ide  a r e  h igh ly  c o n t r a d i c t o r y .  Deckert (1929) 

descr ibed an i n c r e a s e  i n  t h e  t o x i c i t y  of CO i n  t h e  presence o f  increased con

c e n t r a t i o n s  of CO 2 '  This was supported i n  a work by Boltz and Machate (1963). 

According t o  t h e  d a t a  of Raymond and Marton (1954), t h e  t o x i c  e f f e c t  of 

carbon monoxide (0 .04%) i n c r e a s e s  by a f a c t o r  of 2 i n  t h e  presence of 1% 

carbon dioxide.  However, F .  A .  Ivanova and F .  M.  Chebotarev (1963) were 

unable t o  reproduce t h i s  f i n d i n g .  Evident ly  t h e  i n c r e a s e  i n  t h e  t o x i c  e f f e c t  

o f  carbon monoxide i n  t h e  presence of carbon d iox ide  depends on concrete  

combinations of t h e s e  poisons.  The high concen t r a t ions  of C 0 2  which cause 

hyperoxia,  a c i d o s i s  and h y p e r v e n t i l a t i o n  of t h e  lungs w i l l  promote t h e  

appearance of t h e  t o x i c  e f f e c t s  of carbon monoxide. 

Ammonia and carbon monoxide. The combined effect  of ammonia and carbon /99-.~ 
~ ~ 

monoxide has been s t u d i e d  i n  experiments on white  mice (Kustov and Mikylov, 
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1963). I n t e n s i f i c a t i o n  of t h e  t o x i c  effects was observed i n  acu te  expe r i 

ments. The i n t e n s i f i c a t i o n  e f f e c t  was p rese rved  i n  t h e  c a s e  where t h e  mor

t a l i t y  o f  t h e  animals served as t h e  c r i t e r i o n ,  and a l s o  when t h e  a c t i v i t y  

of t h e  blood c h o l i n e s t e r a s e  o f  t h e  experimental  mice served as t h e  c r i t e r i o n  

of t h e  a c t i o n  of t h e  poison. The t o x i c  e f f e c t  of carbon monoxide i n  t h e  

presence o f  ammonia vapor was i n t e n s i f i e d  about 1 . 6  t imes .  I n  observat ions 

made on human s u b j e c t s ,  however, t h e  combined e f f e c t  of carbon monoxide and 

ammonia was "independent . I 1  

Ethanol -and carbon monoxide. The combined e f f e c t s  of e thano l  and 
P - . . 

carbon monoxide a r e  summed (Pecora, 1959). Adminis t ra t ion of e t h y l  a lcohol  

t o  dogs f o r  a pe r iod  of 2 1  weeks l e d  t o  an i n c r e a s e  of i t s  content  i n  t h e  

blood by 0.15%; it a l s o  i n t e n s i f i e d  t h e  ch ron ic  e f f e c t  of CO, causing a more 

pronounced drop i n  t h e  l i p o p r o t e i d  l e v e l .  An inc reased  t o x i c  e f f e c t  of CO 

i n  combination wi th . e thano1  was a l s o  desc r ibed  by Wittgens (1958) and Mallash 

and Roeseler (1961). 

Carbon monoxide and hydrogen s u l f i d e .  Hofer (1926) desc r ibed  t h e  
. ~~ - ~~ 

i n c r e a s e  i n  t h e  t o x i c  e f f e c t s  of CO and hydrogen s u l f i d e  i n  t h e i r  combined 

a c t i o n  i n  acu te  experiments on white ra t s .  This i n t e n s i f i c a t i o n  of t h e  

t o x i c  e f f e c t s  had t h e  n a t u r e  of a summation (Lazarev, 1938). However, t h i s  

ques t ion  r e q u i r e s  f u r t h e r  experimentation on t h e  l e v e l  o f  t h e  t h r e s h o l d  con

c e n t r a t i o n s  i n  chronic  experiments.  

Carbon monoxideand methane. In  t h e  combined e f f e c t  of CO and methane, 

L .  I .  Morozova (1965) noted a sma l l e r  degree of man i fe s t a t ion  of morphologi

c a l  changes i n  t h e  organs of white mice than  i n  t h e  case  of  s e p a r a t e  a c t i o n  

of t h e  poisons.  A weakening of t h e  t o x i c  e f f e c t  of carbon monoxide i n  com

b i n a t i o n  with methane was a l s o  observed by A. G .  Prokhorenko (1965), u s ing  

biochemical i n d i c a t o r s  as c r i t e r i a . .  I t  was found t h a t  under t h e  combined 

in f luence  of carbon monoxide and methane t h e  l e v e l  of ammonia and t h e  con

t e n t  of n i t r o g e n  amide and glutamine i n  t h e  b r a i n  changed t o  a l e s s e r  degree 

than with t h e  s e p a r a t e  a c t i o n  of t h e s e  poisons (Prokhorenko, 1968). 

Hydrogen s u l f i d e~~~ - ~and- m e t h y l  mercaptan. The combined e f f e c t  of hydro

gen s u l f i d e  and methyl mercaptan was s t u d i e d  i n  chronic  experiments with mice 
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a t  concentrat ion o f  0.03 and 0 . 1  m g / l i t e r ,  r e s p e c t i v e l y .  I t  was found t h a t  

t h e  combined e f f e c t  of t h e s e  poisons i s  s y n e r g i s t i c  and c h a r a c t e r i z e d  by summa

t i o n  o f  t h e  t o x i c  e f f e c t s  (Thomas and Beck, 1967). 

i d e ,  m e t h y l  mercaptan, ska to l e .  In t h e  above, we haveIndole, hydrogen s ~ l f  
descr ibed t h e  combined a c t i o n  only o f  i n d i v i d u a l  p a i r s  o f  gaseous products  t h a t  

e n t e r  i n t o  t h e  composition of  t h e  complex of  human e x c r e t a .  Therefore ,  i t  was 
extremely i n t e r e s t i n g  t o  read t h e  work o f  A.  Thomas and K .  Beck (1967), who / l o o  
performed a s tudy on va r ious  forms of l abora to ry  animals t o  determine t h e  t o x i 7 

c i t y  of a mixture of f o u r  substances i n  a 90-day continuous exposure. The 

fol lowing were t h e  concen t r a t ions  of t h e  poisons i n  t h e  atmosphere: i n d o l e ,  

0 . 5  m g / l i t e r ;  hydrogen s u l f i d e ,  0 .03 m g / l i t e r ;  methyl mercaptan, 0 . 1  m g / l i t e r  

and s k a t o l e ,  0 .01 m g / l i t e r .  Taken s e p a r a t e l y ,  t h e  same substances i n  t h e  same 

concen t r a t ions ,  i n  a 90-day exposure experiment with monkeys, produced t h e  

following e f f e c t :  i ndo le ,  dea th  of 2 monkeys out  o f  10;  hydrogen s u l f i d e :  no 

dea ths ;  methyl mercaptan: death o f  4 monkeys out  of 1 0 .  In  combined a c t i o n ,  

t h e s e  poisons caused dea ths  i n  16 out of 20 monkeys. S i m i l a r  d a t a  were 

obtained i n  experiments on rats and mice. Indole  caused t h e  d e a t h  of 5% of t h e  

r a t s  and 22% o f  t h e  mice, hydrogen s u l f i d e  k i l l e d  1 2 %  o f  t h e  rats and 26% of 

t h e  mice, and t h e  f i g u r e s  f o r  methyl mercaptan were 10 and 43%, r e s p e c t i v e l y .  

In  t h e  combined a c t i o n  o f  t h e s e  poisons,  t h e  m o r t a l i t y  o f  t h e  r a t s  was 64% and 

t h a t  of t h e  mice, 99%.  On t h e  b a s i s  of t h e s e  t e s t s  we can conclude t h a t  t h e  

t o x i c  e f f e c f s  of i n d o l e ,  hydrogen s u l f i d e  and methyl mercaptan are-summed. 

Hence, an a n a l y s i s  of t h e  d a t a  on t h e  combined e f f e c t  of i nd iv idua l  

combinations of t h e  chemical substances t h a t  e n t e r  i n t o  t h e  composition of 

t h e  mixture of gaseous products  o f  v i t a l  a c t i v i t y  shows t h e  presence of very 

complex r e l a t i o n s h i p s .  In  f a c t ,  i n  t h i s  complex mixture  o f  poisons t h e r e  i s  

a l s o  a summation of t h e  t o x i c  e f f e c t s ,  an independent e f f e c t ,  and a weakening 

of t h e  e f f e c t .  A l l  of  t h i s  s t i l l  does n o t  allow u s  t o  c a l c u l a t e  t h e  t o t a l  

t o x i c  e f f e c t  of a combination of  t h e s e  poisons.  To do t h i s ,  we would have t o  

conduct s t u d i e s  t o  i n v e s t i g a t e  t h e  combined e f f e c t  o f  many dozens of combina

t i o n s  o f  chemical subs t ances .  A t  t h e  same t i m e ,  t h e  e x i s t e n c e  of t h e  d i v e r s e  

c h a r a c t e r  of t h e  combined e f f e c t ,  observed when consider ing only a small p a r t  
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of  t h e  p o s s i b l e  combinations,  does n o t  allow us t o  assume any one form of 

combined e f f e c t  f o r  t h e  e n t i r e  complex, f o r  example, summation o r  "indepen

dent" e f f e c t s .  I t  t h e r e f o r e  appears worthwhile t o  conduct s p e c i a l  experiments 

on l a b o r a t o r y  animals t o  i n v e s t i g a t e  t h e  n a t u r e  o f  t h e  b i o l o g i c a l  e f f e c t  o f  

t h e  e n t i r e  complex of chemical substances t h a t  are exc re t ed  from t h e  organism 

i n  t h e  process  of i t s  v i t a l  a c t i v i t y .  

T h e  Biological A c t i o n  o f  t h e  Complex o f  Gaseous Products of ._-.Vital  Activity_ 

On our r e q u e s t ,  T .  S. Kolosova conducted s p e c i a l  s t u d i e s  on white  ra t s .  

The choice of t h e s e  animals was no t  a chance one. White r a t s  are r e s i s t a n t  

t o  i n f e c t i o n  and are widely used i n  s t u d i e s  on t h e  physiology and biochemis

t r y  o f  n u t r i t i o n  and i n  t h e  s tudy of  chronic  i n t o x i c a t i o n  (Innes,  1965). The 

r e a c t i o n  of many biochemical systems i n  t h e  white  rat  i s  c l o s e r  t o  t h a t  of 

man than  i n  o t h e r  t ypes  of l a b o r a t o r y  animals (Linyucheva and Tiunov, 1966). 

In  t h e  experiment, 20 white  ra t s  weighing 100-150 g were used; they / l o 1-
were placed i n  a metal h e r m e t i c a l l y  sea l ed  chamber with a volume of 0.24 m 5 . 
Excess CO2 was removed by KhPI absorbent .  Oxygen was supp l i ed  t o  t h e  chamber 

au tomat i ca l ly .  The chamber was not  cleaned f o r  t h e  e n t i r e  du ra t ion  of t h e  

experiment. This produced an i n c r e a s e  i n  t h e  a i r  no t  only of t h e  primary 

gaseous products of v i t a l  a c t i v i t y ,  l i b e r a t e d  from t h e  organism, but  a l s o  t h e  

secondary ones,  given o f f  by t h e  u r i n e  and f e c e s .  The concen t r a t ion  of t o x i c  

substances i n  t h e  a i r  of t h e  chamber was monitored a n a l y t i c a l l y ,  

The ammonia content  was measured by N e s l e r ' s  r eagen t  (Zhitkova, 1954); 

a l k y l  amines were determined by t h e  method of G .  S .  Salyamon (1963), acetone 

was measured by t h e  method o f  F. D .  Shikhvarger (1954), phenol was determined 

c o l o r i m e t r i c a l l y  by d i a z o t i z e d  p a r a n i t r o a n i l i n e  (Yefremova, 1954), carbon 

monoxide was measured wi th  t h e  a i d  of i n d i c a t o r  tubes on t h e  U G - 2  apparatus  

(Filyanskaya, 1960), while  oxygen and carbon monoxide were measured with t h e  

a i d  o f  t h e  Orsa-Lunge appa ra tus .  

As c o n t r o l s ,  we used animals kept i n  a vivarium. The temperature i n  the  

chamber was 18-22"C, t h e  r e l a t i v e  humidity was 81-85%, t h e  oxygen content  was 

19% on t h e  average, and t h e  carbon d iox ide  content  was about 1%. Data on t h e  
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content  of t h e  gaseous p roduc t s  o f  v i t a l  a c t i v i t y  i n  t h e  chamber a r e  l i s t e d  i n  

Table 35. 

TABLE 35. CONCENTRATION ( i n  mg/m5) IN THE 
CHAMBER OF GASEOUS PRODUCTS OF VITAL ACTiVITY 

Maxi- Mini- Maxi- Mini-
Substance I mum I mum 11 Substance ! mum I mum 

Phenol. . . . . . 
Acetone. . . . . 

The animals were weighed p e r i o d i c a l l y  (once a week). The experiment 

l a s t e d  26 days.  The animals were sub jec t ed  t o  d e t a i l e d  examination a t  t h e  end 

of t h e  experiment.  / l o 2  

The r e s u l t s  ob ta ined  i n d i c a t e  a d e f i n i t e  delay and complete i n h i b i t i o n  

(mainly toward t h e  end of t h e  experiment) of t h e  growth o f  t h e  experimental  

animals (Figure 18, Table 36).  Thus, a widely employed i n t e g r a l  f a c t o r  s t u d i e d  

i n  toxicology,  t h e  dynamics o f  t h e  change i n  body weight (Yelizarova, 1962), 

gives  a c l e a r  i n d i c a t i o n  o f  t h e  t o x i c  e f f e c t  of a mixture o f  gaseous products  of 

v i t a l  a c t i v i t y .  On t h e  26th day, 10 experimental  animals were k i l l e d  by decapi

t a t i o n .  A macroscopic i n v e s t i g a t i o n  revealed no changes i n  t h e  i n t e r n a l  organ13. 

We determined t h e  weight c o e f f i c i e n t  of  t h e  i n t e r n a l  organs ( i . e . ,  t h e  r a t i o  o f  

t h e  weight of t h e  organs i n  grams t o  t h e  body weight i n  kilograms) (Table 37). 

I n  many i n s t a n c e s  t h i s  i n t e g r a l  index al lows an e s t ima te  of  t h e  degree o f  

chronic  t o x i c i t y  of a given poison (Rylova, 1964).  

.~Thk 	. .- . - . . ~ . . .  . .  . ... . . . 

pa tho log ica l .  anatomical  s tudy-was perfomned by G .  A.  Lemesh. 
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T A B L E  36. W E I G H T  OF E X P E R I M E N T A L  ANIMALS I N  THE C O U R S E  OF EXPOSURE TO THE 
A C T I O N  OF A COMPLEX OF GASEOUS PRODUCTS OF V I T A L  ACTIVITY 

. . . . . .  

Before Af t e r  14 105.0 126.3 
expe r im e n  t 100.0 100.0 Af t e r  21 1.07. o 134.2 

Afte r  7 104.0 110.5 Af t e r  25 101.4 134.0 
-

T A B L E  37. W E I G H T  C O E F F I C I E N T  OF INTERNAL ORGANS I N  W H I T E  RATS D U R I N G  E X P O S U R E  
TO EFFECT OF GASEOUS PRODUCTS OF V I T A L  ACT I V I TY 

Control 

Organ Organ Experiment ( a f t e r  
Ry 1ova ,  

._ - ..__1963)  
Lungs 
Heart 
Liver 

7.91 f 0.44 
4.94 f 0.14 

38.37 f 1.77 

2.8-6.75 
2.85-4.4 
28.2-43.5 

Thyroid 
gland 

Adrenal 
0.97 * 0.09 
0.35 * 0.03 

0.15-0.55 
0.21 -0.38 

K i d n e y s  9.44 f 0.28 6.3-8.36 

O f  t h e  i n t e r n a l  organs,  only t h 6  t h y r o i d  gland had a weight c o e f f i c i e n t  

f o r  t h e  experimental  animals t h a t  was s i g n i f i c a n t l y  h i g h e r  t han  f o r  t h e  

i n t a c t  ones. 

A hematological s tudy  was a l s o  performed, whose r e s u l t s  a r e  shown i n  / l o 3  

Table 38. 

A s  t h e  Table shows, t h e  experimental  animals showed a drop i n  t h e  

e ry th rocy te  content  i n  t h e  p e r i p h e r a l  blood. This obse rva t ion  ag rees  with 

t h e  d a t a  of  A. Thomas and K .  Beck (1967), who observed phenomena of memolysis 

i n  experimental  animals exposed t o  t h e  combined e f f e c t  of gaseous products  of 

v i t a l  a c t i v i t y  ( i n d o l e ,  hydrogen s u l f i d e ,  methyl mercaptan and s k a t o l e ) .  

I n  a d d i t i o n ,  w e  a l s o  measured t h e  blood content  of reduced g l u t a t h i o n e  

and su lhydry l  groups i n  t h e  animals.  The reduced g l u t a t h i o n e  was measured by 

t h e  method o f  Benesch (1950), while  t h e  su lhydry l  groups were analyzed by t h e  

method of amperometric t i t r a t i o n  according t o  Koltdoff and Harris (1946). The 

content  of su lhydry l  groups i n  t h e  blood of experimental  animals d id  n o t  d i f f e r  
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from t h a t  of t h e  c o n t r o l s .  The d a t a  on t h e  amount of reduced g l u t a t h i o n e  i n  
t h e  blood i n d i c a t e s  some i n c r e a s e  i n  i t s  con ten t  i n  t h e  experimental  animals.  

TABLE 38. EFFECT OF GASEOUS PRODUCTS OF VITAL ACTIVITY ON 
THE HEMATOLOGICAL INDICES IN WHITE RATS 

.___ . _ - . ~ . _ _ _
Experiment I1 Control 

-7 

Not determined 
H 


.... .-.~. 

Commas i n d i c a t e  dec imal  p o i n t s .  

A s tudy of t h e  a c t i v i t y  of blood c a t a l a s e  was conducted us ing  t h e  method 

of  A. N.  Bakh and R .  S .  Zubkova. I t  was found t h a t  t h e  c a t a l a s e  index of  t h e  

blood i n  experimental  animals was 1.1, while  i n  the  c o n t r o l s  it was 0 . 7 4 ,  i . e . ,  

t h e r e  w a s  an i n c r e a s e  i n  blood c a t a l a s e  a c t i v i t y .  F i n a l l y ,  we s t u d i e d  t h e  

oxygen consumption of  t h e  experimental  animals.  The determinat ion of oxygen / l o 4  

consumption was conducted according t o  t h e  method of S.  V .  Miropol’skiy.  I t  

was found t h a t  i n  t h e  experimental  animals,  t h e  oxygen consumption p e r  100 g 

of weight was 9.82 ? 0 . 2 1 ,  while  i n  t h e  c o n t r o l s  it was 5.14 t 0.19 m l ,  i . e . ,  

t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  oxygen consumption, which may be t h e  con

sequence of compensatory r e a c t i o n s  i n  conjunct ion with t h e  development of 

some anemia. The i n c r e a s e - i n  t h e  s i z e  of t h e  thy ro id  gland i n  t h e  experimental  

animals a l s o  ag rees  wi th  t h i s .  

Spec ia l  s t u d i e s  were conducted t o  determine how t h e s e  i n d i c e s  change 

when t h e  per iod of exposure i s  inc reased  t o  60 days.  I t  was found t h a t  t h e  

drop i n  t h e  content  of e r y t h r o c y t e s  i s  r ep laced  by e r y t h r o c y t o s i s  ( p r i o r  t o  
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t h e  experiment, t h e  e r y t h r o c y t e  content  was 6 .4  rt: 0.41 m i l l i o n ;  a f t e r  60 days,  

it was 7.1 f 0 .20  m i l l i o n ) ;  t h e  a c t i v i t y  of blood c a t a l a s e  was sha rp ly  re
duced (0.77 f 0.003 b e f o r e  t h e  experiment, 0.59 f 0.004 a f te r  60 days ) .  

Oxygen consumption (0, p e r  100 g o f  wt . )  remained high (5.6 ? 0 .4  p r i o r  t o  

t h e  experiment, 7.2 -t- 1 . 2  m l  a f t e rward ) .  

Thus, on t h e  b a s i s  of our experiments and t h e  d a t a  i n  t h e  l i t e r a t u r e ,  

w e  can at tempt  t o  l i s t  a number of  c h a r a c t e r i s t i c  s i g n s  of t h e  b i o l o g i c a l  

x t i v i t y  o f  t h e  complex of gaseous products  of v i t a l  a c t i v i t y .  This  complex 

of fou l - sme l l ing ,  i r r i t a t i n g  and anoxic poisons causes  d i s r u p t i o n  of higher  

nervous a c t i v i t y  and i n t e r r u p t i o n  of condi t ioned r e f l e x e s  (Naumova, 1960). 

I t  d i s r u p t s  a c e t y l c h o l i n e  metabolism. The g e n e r a l l y  t o x i c  e f f e c t  of t h i s  

complex is  manifested i n  t h e  i n h i b i t i o n  of t h e  growth of experimental  animals.  

Anemia and e r y t h r o c y t o s i s  appear,  and t h e r e  i s  inc reased  oxygen consumption. 

Catalase a c t i v i t y  undergoes c y c l i c  changes. These changes i n  c a t a l a s e  a c t i 

v i t y  may be r e l a t e d  t o  t h e  development of hemolysis.  The composition of t h e  

complex of products  of v i t a l  a c t i v i t y  inc ludes  a t  l e a s t  t h r e e  compounds t h a t  

i n h i b i t  t h e  a c t i v i t y  of c a t a l a s e :  hydrogen s u l f i d e  (Nicho l i s ,  1961), acetone 

(Dienes e t  a l . ,  1965) and ammonia (Kustov and Mikhaylov, 1963).  A drop i n  

c a t a l a s e  a c t i v i t y  l eads  t o  t h e  appearance of e f f e c t s  of  endogenic hydrogen 

peroxide t h a t  promote t h e  decomposition of hemoglobin, t h e  formation of Heinz 

bodies  (Brenner and A l l i s o n ,  1955)14 and subsequent hemolysis.  The drop i n  

t h e  e r y t h r o c y t e  con ten t  obviously leads t o  t h e  development of compensatory 

r e a c t i o n s :  a r ise  i n  oxygen consumption, an adap t ive  i n c r e a s e  of c a t a l a s e  

a c t i v i t y  and t h e  development of e r y t h r o c y t o s i s .  Prolonged exposure l eads  t o  

more marked changes and d i s r u p t i o n  of t h e  compensatory mechanisms. Thomas and 

Beck (1967) considered t h e  b i o l o g i c a l  e f f e c t  of a complex of gaseous products  

of v i t a l  a c t i v i t y  as a s i g n  of n o n - s p e c i f i c ' s t r e s s  e f f e c t s .  The s tudy of t h e  

b i o l o g i c a l  e f f e c t  and t h e  complex of gaseous products  of v i t a l  a c t i v i t y  i s  a 

ve ry  complicated problem deservinp of f u r t h e r  s tudy .  I n  t h e  p re sen t  c h a p t e r ,  

we have merely attempted t o  draw in fe rences  from t h e  m a t e r i a l  p r e s e n t l y  

a v a il a b  1e. 
~ . ~ ~ - - - . - . = . i i - ____ --_ . . _ =  --.-_- = .  ~ 

l 4  The formation of  Heinz bodies  under t h e  i n f l u e n c e  of products  of v i t a l  
a c t i v i t y  was desc r ibed  by Thomas and Beck (1967). 
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CHAPTER V I 1  

P R I N C I P L E S  FOR E S T A B L I S H I N G  THE P E R M I S S I B L E  L I M I T S  OF CON
CENTRATION OF THE PRODUCTS OF V I T A L  A C T I V I T Y  FOR THE ATMOS
PHERES OF HERMETICALLY SEALED CHAMBERS. THRESHOLDS OF 
T O X I C  EFFECT OF PRODUCTS OF V I T A L  A C T I V I T Y  ON THE HUMAN 

ORGAN I SM. 

The problem of e s t a b l i s h i n g  t h e  p e r m i s s i b l e  l i m i t s  of concen t r a t ion  / l o 5  

(PLC) of harmful i m p u r i t i e s  i s  of extreme importance f o r  t h e  atmospheres o f  

s ea l ed  chambers. Within t h e  boundaries o f  t h i s  cons ide rab le  and d i f f i c u l t  

problem, t h e  b a s i c  a s p e c t s  o f  which w e  considered i n  a d i s c u s s i o n  of c e r t a i n  

problems of  space toxicology (Kustov and Tiunov, 1968) an important p l a c e  

must b e  given t o  t h e  experimental  determinat ion of t h e  PLC of t h e  t o x i c  sub

s t ances  which c o n s t i t u t e  t h e  f i n a l  o r  i n t e rmed ia t e  products of human v i t a l  

a c t i v i t y  . 
The f i r s t  hyg ien ic  s t anda rd  l i m i t i n g  t h e  content  o f  products  o f  human 

v i t a l  a c t i v i t y  i n  t h e  a i r  of l i v i n g  q u a r t e r s  was e s t a b l i s h e d  i n  1858. By a 

pu re ly  empi r i ca l  p a t h ,  Pe t t enkofe r  came t o  t h e  conclusion t h a t  carbon d iox ide  

content  can se rve  as an i n d i r e c t  i n d i c a t o r  of p o l l u t i o n  of t h e  a i r  by organic  

products .  The upper l i m i t  of t h e  CO 2 content  i n  t h e  a i r  of l i v i n g  q u a r t e r s  

due t o  t h e  presence of persons t h e r e i n  must no t  exceed 1%(Pe t t enkofe r ,  1858).  

This  hygienic  s t anda rd  has  r e t a i n e d  i t s  v a l i d i t y  u n t i l  t h e  p re sen t  

day.15 I t  i s  used f o r  c a l c u l a t i n g  t h e  r equ i r ed  change of a i r  i n  bu i ld ings  

and se rves  as  a c r i t e r i o n  f o r  e s t i m a t i n g  t h e  p u r i t y  of room a i r  and t h e  opera

t i o n  of v e n t i l a t i o n  systems. 

However, t h e  con ten t  of carbon d iox ide  i n  t h e  a i r  of l i v i n g  q u a r t e r s  

i s  not t h e  s o l e  c r i t e r i o n  o f  contamination of t h e  l a t t e r .  

- . _ _ .  . . .  ~ . ~ -= -_-~ _ _  -_.- . ~ ~~ . .... . = ~ ~ - - = =  _ i  -. - _ -~~=~ 

l 5  0. V. Yeliseyeva (1966), on t h e  b a s i s  o f  a s tudy of t h e  b i o l o g i c a l  e f f e c t  
of small concen t r a t ions  o f  CO 2’  recommends t h a t  t h e  maximum s i n g l e  concentra

t i o n  f o r  t h e  a i r  i n  l i v i n g  q u a r t e r s  and occupied b u i l d i n g s  be 0.1% GO2, and 

t h e  average d a i l y  amount should be no more than  0 .05%,  r e g a r d l e s s  of t h e  source.  
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F. F.  Erisman (1887) emphasized t h a t  t h e  odor o f  t h e  a i r  i n  a room 

can s e r v e  as a c r i t e r i o n  o f  i t s  p u r i t y .  "Room air ,"  wrote Erisman, " t h a t  

has  some kind of n o t i c e a b l e  odor must be pronounced n o t  c l ean  and u n s u i t a b l e  

f o r  breathing."  Therefore ,  " the  sense  o f  smell i s  a good guide i n  e v a l u a t i n g  / l o6  

t h e  soundness of t h e  a i r  i n  l i v i n g  q u a r t e r s . "  

Another c r i t e r i o n  of t h e  p o l l u t i o n  of room a i r  by t h e  products of 

v i t a l  a c t i v i t y ,  i n  Erisman's opinion,  might b e  t h e  q u a n t i t y  of a c e r t a i n  sub

s t a n c e  excreted by an i n d i v i d u a l  o r  h i s  c l o t h i n g ;  f o r  example, water vapor, 

organic  subs t ances ,  ammonium compounds and s o  on, b u t  under t h e  i n a p p l i c a b l e  

cond i t ion  t h a t  " t h e  amounts of  t h e s e  substances i n  t h e  a i r  i n c r e a s e  i n  pro

p o r t i o n  t o  t h e  number of persons loca ted  i n  a given room and i n  p ropor t ion  

t o  t h e  a c t u a l  s p o i l a g e o f  t h e  a i r . "  Erisman f e l t  t h a t  t h e  content  of organic  

substances i n  t h e  a i r  of l i v i n g  q u a r t e r s  was t h e  b e s t  c r i t e r i o n  f o r  i t s  

p o l l u t i o n ,  s i n c e  "on i t  obviously depends t h e  s p e c i f i c  odor and t h e  gene ra l  

c h a r a c t e r i s t i c  p r o p e r t i e s  of t h i s  a i r . "  However, inadequate  i n v e s t i g a t i o n  of 

t h e  chemical n a t u r e  of t h e s e  compounds and t h e  l ack  i n  those  days of  a r e l i a b l e  

method of determing them (o rgan ic  substances are determined according t o  t h e  

t o t a l  o x i d i z a b i l i t y  of t h e  a i r )  d i d  no t  allow t h i s  c r i t e r i o n  t o  be used t o  

eva lua te  t h e  p o l l u t i o n  of t h e  a i r  of l i v i n g  q u a r t e r s  by t h e  products  of human 

v i t a l  a c t i v i t y  (Erisman, 1887; Levashov, 1895).  

M .  A. Khomutova (1952), who s t u d i e d  t h e  accumulation of harmful chemical 

i m p u r i t i e s  i n  t h e  a i r  of l i v i n g  q u a r t e r s ,  came t o  t h e  conclusion t h a t  ammonia 

can s e r v e  a s  a d i r e c t  i n d i c a t o r  of  t h e  p o l l u t i o n  o f  a i r  by products of  human 

v i t a l  a c t i v i t y .  The b a s i s  f o r  such a conclusion was, f i r s t l y ,  t h e  f a c t  t h a t  

t h e  ammonia content  i n  t h e  a i r  of a room has been r e l i a b l y  c o r r e l a t e d  with 

t h e  number and l eng th  o f  s t a y  o f  persons i n  i t .  Secondly, a comparison o f  

t h e  concen t r a t ions  of ammonia with t h e  odor of t h e  a i r  and t h e  content  of CO2 
i n  it has shown t h a t  t h e  a i r  of l i v i n g  q u a r t e r s  "gives an impression of 

s t a l e n e s s "  and has a weak s p e c i f i c  odor when t h e  ammonia content  i n  i t  reaches 

0 . 0 1  m g / l i t e r .  The CO2 l e v e l  i s  then below i t s  pe rmis s ib l e  l e v e l  f o r  t h e  a i r  -
i n  : l iv ing  q u a r t e r s  (0.1%). 
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Theabove m e n t i o n e d i n t e g r a l  i n d i c e s  of t h e  p o l l u t i o n  of t h e  a i r  i n  

l i v i n g  q u a r t e r s  by products  of human v i t a l  a c t i v i t y  as wel l  as t h e  methods 

of e s t a b l i s h i n g  them cannot be app l i ed  i n  eva lua t ing  t h e  pe rmis s ib l e  content  

and t h e  hygienic  s t anda rd  f o r  t o x i c  substances i n  t h e  a r t i f i c i a l  atmosphere 

of a he rme t i ca l ly  s e a l e d  system. 

The prolonged and continuous s t a y  of a human being under t h e s e  condi

t i o n s  has r e q u i r e d  t h e  dev i s ing  of a fundamentally new approach and new 

c r i t e r i a  f o r  s t anda rds  of optimum cond i t ions  o f  h a b i t a t i o n .  A s  f a r  as t h e  

va lues  of t h e  PLC o f  t o x i c  substances a reconce rned ,  i nc lud ing  t h e  products 

of v i t a l  a c t i v i t y ,  w e  must cons ide r  t h a t  t h e s e  values  must p r o t e c t  no t  only 

a g a i n s t  t h e  development of s eve re  o r  chronic  i n t o x i c a t i o n  bu t  a l s o  must ensure 

a l e v e l  of working c a p a c i t y  of man such as  i s  r equ i r ed  f o r  ca r ry ing  out 

r equ i r ed  a c t i v i t y  (Genin and Shepelev, 1964; Kustov and Tiunov, 1968; K i t zes ,  

1959). 

In  t h e  opinion of 0. G .  Gazenko and A .  b l .  Genin (1967), i n  t h e  case of 

a b r i e f  s t a y  of an i n d i v i d u a l  i n  a h e r m e t i c a l l y  s e a l e d  system, t h e  hygienic  

s t a n d a r d i z a t i o n  of chemical substances may proceed without determinat ion of 

t h e  f i r m  boundaries of t h e  al lowable concen t r a t ions .  In  case  of n e c e s s i t y ,  

t h e s e  concen t r a t ions  can even lead t o  c e r t a i n  f u n c t i o n a l  changes under t h e  

cond i t ion  t h a t  a f t e r  t h e  i n d i v i d u a l  emerges from t h e  he rme t i ca l ly  sea l ed  

system t h e s e  changes w i l l  not  lead t o  p a t h o l o g i c a l  d i s o r d e r s  (Genin and 

Shepelev, 1964). We cons ide r  t h e  viewpoints expressed t o  be a l l  t h e  more 

j u s t i f i e d  s i n c e ,  i n  t h e  opinion of c e r t a i n  i n v e s t i g a t o r s  ( c f .  Truhaut,  1965) 

t h e  accuracy of t h e  methods p r e s e n t l y  used f o r  e s t a b l i s h i n g  t h e  PLC f o r  

harmful substances i s  i n s u f f i c i e n t  and v a r i a t i o n s  of t h e  s t anda rd  values  by 

f a c t o r s  of 3 o r  4 can be d i s r ega rded  i n  many i n s t a n c e s .  

However, as t h e  l eng th  o f  time spent  by man i n  he rme t i ca l ly  sea l ed  

cabins  with a r t i f i c i a l  atmospheres extends t o  s e v e r a l  months, t h e  problem 

of high accuracy i n  t h e  working out of t h e  t h r e s h o l d s  of pe rmis s ib l e  concen

t r a t i o n s  of t o x i c  substances become more acu te .  We must concur with t h e  

opinion of A. M.  Genin and Ye. Ya. Shepelev (1964) t h a t  i n  s t a n d a r d i z i n g  t h e  

harmful i m p u r i t i e s  f o r  such cond i t ions  one must "proceed on t h e  b a s i s  of t h e  
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i n a d m i s s i b i l i t y  o f  prolonged f u n c t i o n a l  changes and long-term d i s tu rbance  

o f  t h e  constancy of t h e  i n t e r n a l  environment of t h e  organism.I' 

Thus, t h e  experimental  es tabl ishment  of t h e  PLC f o r  t h e  atmosphere of 

a c losed  environment raises a number of problems which must be considered.  

The f irst  problem c o n s i s t s  i n  t h e  fac t  t h a t  i f ,  f o r  c e r t a i n  r easons ,  

t h e  PLC of chemical substances devised f o r  i n d u s t r i a l  e n t e r p r i s e s  and based 

on 8-hour exposure f o r  a 40-hour work week cannot b e  app l i ed  t o  t h e  cond i t ions  

o f  continuous c o n t a c t  with t h e s e  substances f o r  s e v e r a l  months (Nefedov and 

Zaloguyev, 1967; Kus'tov and Tiunov, 1968; Clemedson, 1959; Schaefer ,  1959; 

Honma, 1961; Hendel, 1964; Stokinger ,  1965),  what s o r t  of changes and addi

t i o n s  must be made i n  t h e  e x i s t i n g  system used i n  i n d u s t r i a l  toxicology f o r  

determining t h e  PLC t o  make it u s a b l e  f o r  t h e  cond i t ions  of he rme t i ca l ly  

sea l ed  environments? 

"The p r o v i s i o n a l  methodical i n s t r u c t i o n s  f o r  e s t a b l i s h i n g  t h e  expe r i 

mental s t u d i e s  f o r  determining t h e  PLC of harmful substances i n  t h e  a i r  of 

i n d u s t r i a l  es tabl ishments"  (1965) provide f o r  s e t t i n g  up acu te ,  subacute and 

chronic  experiments on c e r t a i n  kinds of l a b o r a t o r y  animals.  The o r i e n t a 

t i o n a l  PLC e s t a b l i s h e d  experimental ly  i s  r e f i n e d  f u r t h e r  by c l i n i c a l  and 

s t a t i s t i c a l  obse rva t ions  of workers. In  t h e  event  of an i n c r e a s e  i n  t h e  

s i c k  r a t e  and r eco rd ing  o f  s i g n s  of chronic  i n t o x i c a t i o n ,  t h e  PLC l e v e l s  a r e  

reduced. Thus, f o r  example, t h e  PLC f o r  carbon monoxide f o r  i n d u s t r i a l  es- / l o 8  

tabl ishments  during t h e  pe r iod  from 1943 t o  t h e  p r e s e n t  t ime has changed 

g radua l ly  and has dropped from 0.04 t o  0 .02  m g / l i t e r  (Levina, 1948). Such an 

approach ha rd ly  seems a p p l i c a b l e  i n  working out  t h e  PLC f o r  t h e  atmospheres 

of h e r m e t i c a l l y  s e a l e d  environments. 

This  does no t  mean, however, t h a t  t h i s  method of e s t a b l i s h i n g  t h e  PLC 

of t o x i c  substances f o r  a i r  i n  i n d u s t r y  i s  completely unsu i t ed  f o r  e s t a b l i s h 

ing  t h e  s t anda rds  f o r  harmful i m p u r i t i e s  i n  t h e  atmosphere o f  he rme t i ca l ly  

sea l ed  environments. On t h e  con t r a ry ,  w e  suggest  t h a t  t h i s  system ( a f t e r  t h e  

i n t r o d u c t i o n  of c e r t a i n  ref inements  and changes) could s e r v e  as t h e  b a s i s  

f o r  s e t t i n g  t h e  s t anda rds  f o r  t o x i c  substances f o r  t h e  atmospheres of herme

t i c a l l y  s e a l e d  environments. 
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The PLC va lue  f o r  i n d u s t r i a l  e n t e r p r i s e s  depends mainly on t h e  accuracy 

of determinat ion of t h e  t h r e s h o l d  concen t r a t ion  i n  ch ron ic  experiments on 

animals. Another f a c t o r  o f  cons ide rab le  importance i s  t h e  va lue  o f  t h e  

c o e f f i c i e n t  of t r a n s i t i o n  ( r e se rve )  from t h e  th re sho ld  concen t r a t ion  t o  t h e  

al lowable l i m i t .  In  s e t t i n g  t h e  t h r e s h o l d  concen t r a t ions ,  a c r i t i c a l  f a c t o r  

i s  t h e  choice of c r i t e r i a  of t h e  t o x i c  e f f e c t  (Kurlyandskaya and Sanotskiy,  

1965). I n t e g r a l  and s p e c i f i c  i n d i c e s  u s u a l l y  are used as such c r i t e r i a  i n  

i n d u s t r i a l  toxicology.  

However, a g r e a t e r  degree o f  accuracy i n  determining t h e  th re sho ld  

concen t r a t ion  under t h e  cond i t ions  of prolonged continuous exposure t o  t o x i c  

substances can be achieved by us ing  c r i t e r i a  discussed s e p a r a t e l y ,  i . e . ,  

enzymatic i n d i c e s .  

According t o  t h e  d a t a  of Stokinger  (1965, 1967),  prolonged and con

t inuous exposure t o  poisons i n  small concen t r a t ions  i s  l i m i t e d  mainly t o  an 

e f f e c t  on t h e  enzymatic a c t i v i t y .  For a t h r e s h o l d ,  one does no t  u s e  a con

c e n t r a t i o n  which produces any n o t i c e a b l e  changes, b u t  only one which can have 

s i g n i f i c a n t  importance f o r  t h e  organism. These inc lude  changes i n  t h e  a c t i 

v i t y  of t h e  key enzymatic systems, d i s tu rbances  of t h e  a c t i v i t y  of t h e  enzy

matic  'systems which a r e  accompanied by changes i n  t h e  content  of t h e i r  sub

s t r a t e s ,  o r  d i s tu rbance  of such systems which causes a drop i n  t h e  r e s i s t a n c e  

of t h e  organism t o  stress e f f e c t s .  We have performed a d e t a i l e d  s tudy of 

t h e  problem of e s t ima t ing  t h e  s i g n i f i c a n c e  o f  enzymatic i n d i c e s  i n  determining 

t h e  th re sho ld  concen t r a t ions  o f  t o x i c  subs t ances ,  i n  a s p e c i a l  paper (Tiunov 

and Kustov, 1969). 

In  i n d u s t r i a l  toxicology,  t h e  va lue  o f  t h e  c o e f f i c i e n t  of t r a n s i t i o n  

from t h e  th re sho ld  concen t r a t ion  t o  t h e  pe rmis s ib l e  l i m i t  i s  c a l c u l a t e d  f o r  

each substance s e p a r a t e l y ,  on t h e  basis of t h e  degree of i t s  dangerousness.  

The l a t t e r  i s  determined on t h e  b a s i s  of an e s t ima te  of t h e  zone of s eve re  and 

chronic e f f e c t  of t h e  subs t ance  wi th  cons ide ra t ion  of t h e  p o s s i b i l i t y  of 

i n h a l a t i o n  of t h e  poison (Sanotskiy,  1962). 

For t h e  cond i t ions  of prolonged and continuous exposure,  it i s  necessary / l o 9  

t o  introduce a d d i t i o n a l  c o e f f i c i e n t s  which q u a n t i t a t i v e l y  t a k e  i n t o  account 
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t h e  v i s u a l  d i f f e r e n c e s  i n  t h e  degree o f  t h e  r e a c t i o n s  o f  t h e  enzymatic sys 

tems i n  man and experimental  animals (Tiunov, 1967; Hays, 1965). S i m i l a r  

comparisons of t h e  r e a c t i o n s  of experimental  animals and man a r e  conducted 

with t h e  u s e  o f  d i f f e r e n t  kinds o f  f u n c t i o n a l  tests t o  determine t h e  th re sho ld  

concen t r a t ions  (MacNamara, 1967). 

Once t h e  PLC has been determined i n  animal experiments t o  t h e  p o i n t  

t h a t  it can b e  recommended i n  p r a c t i c e ,  it must be t e s t e d  on human vo lun tee r s  

i n  s t r i c t l y  c o n t r o l l e d  experiments of s u i t a b l e  l eng th .  In  many cases ,  t h e  

experiments on v o l u n t e e r s  can have independent s i g n i f i c a n c e .  Thus, t h e  PLC 

of c e r t a i n  t o x i c  substances of n a t u r a l  human metabolism can be e s t a b l i s h e d  

d i r e c t l y  i n  experiments on human beings (Kustov, 1961, 1962, 1967). The 

grounds f o r  such an approach t o  t h e  s t a n d a r d i z a t i o n  of t h e  products  of human 

v i t a l  a c t i v i t y  a r e  t h e  following f a c t s .  

A l l  t o x i c  substances excreted by t h e  organism with t h e  expired a i r , .  

u r i n e ,  f e c e s ,  i n t e s t i n a l  gases  and t h e  substances which e n t e r  i n t o  t h e  compo

s i t i o n  of t h e  s e c r e t i o n  of t h e  sweat and sebaceous glands of t h e  s k i n  and a r e  

a l s o  formed by microbial  decomposition of o rgan ic  compounds contained i n  t h e  

above human e x c r e t a  a r e  no t  fo re ign  t o  t h e  human organism. One p a r t  of t h e s e  

substances i s  formed i n  t h e  process  of normal metabolism and i s  always p re sen t  

i n  t h e  i n t e r n a l  medium of t h e  organism. The o t h e r  substances a r e  always 

"around" t h e  human organism a t  a l l  s t a g e s  of i t s  evo lu t iona ry  development. 

Therefore ,  i n  t h e  process  of evo lu t ion  i n  t h e  human organism s p e c i a l  

" func t iona l  systems" have a r i s e n  (Anokhin, 1962) which s t e a d i l y  maintain t h e  

content  of t o x i c  endogenous products a t  a l e v e l  which i s  not  dangerous t o  t h e  

organism, and " func t iona l  systems" which ensure r a p i d  d e t o x i c a t i o n  o f  t o x i c  

products of v i t a l  a c t i v i t y  t h a t  e n t e r  t h e  organism from t h e  e x t e r n a l  environ

ment surrounding it. The r e l i a b l e  func t ion ing  of t h e s e  systems a l s o  exp la ins  

t h e  f a c t  t h a t  such h igh ly  t o x i c  chemical substances as ( f o r  example) carbon 

monoxide, ammonia, acetone,  i ndo le  and o t h e r  components of human metabol ic  

e x c r e t a  do not  produce s i g n s  of i n t o x i c a t i o n  a t  t h e  usua l  l e v e l s  of t h e i r  

ex i s t ence .  
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However, t h e  p h y s i o l o g i c a l  p o s s i b i l i t i e s  of any " func t iona l  system" are 

not  un l imi t ed .  In  t h e  event o f  i nc reased  formation of a t o x i c  substance i n  
t h e  organism, i n  t h e  event  o f  prolonged d i s tu rbance  of i t s  e x c r e t i o n ,  and 

a l s o  i n  t h e  event of extreme o r  prolonged en t r ance  o f  it i n t o  t h e  organism 

from o u t s i d e ,  o v e r s t r e s s  may occur with exhaust ion o f  t h e  corresponding 

" func t iona l  systemf1 l ead ing  t o  t h e  development of i n t o x i c a t i o n .  Overloading /110 

of t h i s  system may be r evea led  by an inc reased  amount of t h e  endogenic product 

( s i g n i f i c a n t l y  h ighe r  t han  i t s  phys io log ica l  l e v e l )  o r  of another  product of 

v i t a l  a c t i v i t y  i n  t h e  biomedia of t h e  organism, as w e l l  as by c e r t a i n  changes 

i n  t h e  biochemical o r  phys io log ica l  r e a c t i o n s .  

These changes i n  homeostasis ,  i n  our opinion,  may be viewed as s i g n s  of 

a c r i t i c a l  l e v e l  of some product o f  v i t a l  a c t i v i t y  i n  t h e  medium surrounding 

an i n d i v i d u a l .  We t h e r e f o r e  suggest  t h a t  we can use  as t h e  PLC of a given 

product of v i t a l  a c t i v i t y ,  t h a t  concen t r a t ion  of it i n  t h e  a i r  whose a c t i o n  

f o r  a c e r t a i n  pe r iod  of t ime i s  revealed by a s i g n i f i c a n t  accumulation of t h e  

substance i n  t h e  organism and c e r t a i n  changes i n  t h e  biochemical and physio

l o g i c a l  i n d i c e s .  The phys io log ica l  s i g n i f i c a n c e  of t h e s e  changes may not  be 

g r e a t .  The i r  e x i s t e n c e  must be taken i n t o  account,  however, s i n c e  it i n d i 

c a t e s  t h e  mob i l i za t ion  of t h e  p r o t e c t i v e - a d a p t a t i v e  r e a c t i o n s  of t h e  "physio

l o g i c a l  system'' which maintains  a s t a b l e  cond i t ion  i n  t h e  organism r e l a t i v e  

t o  t h e  a c t i o n  of t h e  t o x i c  substance.  Before determining t h e  PLC of t h e  

products  of v i t a l  a c t i v i t y  with t h e  p a r t i c i p a t i o n  of human v o l u n t e e r s ,  we must 

f i r s t  determine t h e  fol lowing : 

- The phys io log ica l  l e v e l  of t h e  endogenic substance16 i n  t h e  blood, 

u r i n e ,  f e c e s  and ( f o r  substances which a r e  excreted p r i m a r i l y  through t h e  

lungs) t h e  exp i r ed  a i r .  

- The " c r i t i c a l "  con ten t  of  t h i s  subs t ance ,  i . e . ,  t h a t  concen t r a t ion  of 

it i n  t h e  u r i n e ,  blood and f eces  a t  which t h e  p r o t e c t i v e - a d a p t a t i v e  biochemical 

~~. _ i ? - .  = ~ __ - ... .~.~ ~. . . ~ . . ~ . .  .: . .  . . .  . . . . . . . . . ..~ ~ _ _ .
~~ ~ . . . -= 

l 6  In  a d d i t i o n  t o  determining t h e  a c t u a l  endogenic p roduc t s ,  i t  is d e s i r a b l e  t o  
determine a l s o  t h e  substances accompanying i t .  For example, i n  a d d i t i o n  t o  
acetone,  ke ton ic  bodies  should be measured; i n  a d d i t i o n  t o  NH 3' t h e  content  

of u r e a ,  and s o  on. 
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and phys io log ica l  r e a c t i o n s  occur; w e  must f i n d  t h a t  concen t r a t ion  a t  which 

a c r i t i c a l  concen t r a t ion  of t h e  substance i n  t h e  organism can b e  reached i n  

a given t i m e .  

The l e v e l  of t h i s  concen t r a t ion ,  i n  our  op in ion ,  can be recommended as 

t h e  PLC f o r  t h a t  time i n t e r v a l .  

The experiments of V. I .  Mikhaylov, Z .  I .  P i l i p l y u k ,  V.  S.  Georgiyevskiy, 

B.  S.  Katkovskiy and A. N .  Kal inina,  u s ing  a group o f  male vo lun tee r s  20 t o  

22  yea r s  o l d ,  e s t a b l i s h e d  t h e  phys io log ica l  l e v e l s  and t h e  c r i t i c a l  con ten t s  

of acetone and ammonia i n  t h e  blood and u r i n e .  

According t o  t h e  d a t a  of V.  I .  Mikhaylov and Z .  I .  P i l i p l y u k  (1968) t h e  

phys io log ica l  l e v e l  of ke ton ic  bodies  i n  t h e  blood on t h e  average i s  6.6 t 

t 2 . 2  mg% and i n  t h e  u r i n e ,  3 .6  ? 1 . 2  mg%; a 6-7 hour exposure t o  acetone i n  

a concen t r a t ion  of 1 mg/m3 d i d  n o t  a l t e r  t h e  con ten t  of ke ton ic  bodies  i n  t h e  

blood and u r i n e  of t h e  s u b j e c t s  and d i d  n o t  lead t o  important changes i n  t h e  

c a t a l a s e  a c t i v i t y  of t h e  blood, t h e  a c t i v i t y  of t h e  blood c h o l i n e s t e r a s e ,  t h e  

E K G ,  t h e  acetone con ten t  i n  t h e  expired a i r ,  e t c .  

Under t h e  i n f l u e n c e  of a 10 mg/m3 concen t r a t ion  of acetone,  t h e  l e v e l  /111 

of k e t o n i c  bodies  i n  t h e  blood a t  t h e  6 t h  hour of t h e  experiment reached 

15.5 -I 1 . 4 2  mg% and was 4.0 t 1.08 mg% i n  t h e  u r i n e .  A t  t h e  same time, t h e  

acetone content  i n  t h e  expired a i r  inc reased  from 0.0002 t o  0 . 0 0 1 2 m g / l i t e r .  By 

t h e  6 t h  hour  of  t h e  experiment, t h e  s u b j e c t s  showed a s t a t i s t i c a l l y  s i g n i f i 

can t  change i n  t h e  a c t i v i t y  of whole-blood c h o l i n e s t e r a s e ,  some changes i n  t h e  

func t ion  of t h e  e x t e r n a l  r e s p i r a t i o n  ( inc reased  c o e f f i c i e n t  of oxygen consump

t i o n )  and a drop i n  energy consumption i n  1 hour from 93.0 t 4.7 t o  73.3 ? 

t 4.4 kca l  (0.05 > p > 0.02) .  Since t h e  appearance of t h e s e  changes may 

i n d i c a t e  a "switching on" of t h e  p r o t e c t i v e - a d a p t a t i v e  r e a c t i o n s ,  t h e  expe r i 

ment was terminated.  S ix t een  hours a f t e r  t h e  end of t h e  experiment, t h e  

changes observed i n  t h e  s u b j e c t s  had disappeared.  

These experiments showed t h a t  t h e  " c r i t i c a l "  l e v e l  of ke ton ic  bodies  

i n  hea l thy  young people i s  15.5 t 1 . 4 2  mg% on t h e  average. Under t h e  in f luence  

of acetone,  it can reach a concen t r a t ion  o f  10 mg/m3 i n  6 hours .  Therefore ,  

t h e  l e v e l  of t h e  PLC o f  acetone i n  t h e  a i r  o f  a h e r m e t i c a l l y  s e a l e d  chamber 
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t o  which an i n d i v i d u a l  i s  t o  be exposed f o r  6-7 hours c l e a r l y  must no t  exceed 
310 mg/m . 

The experiments o f  V.  I .  Mikhaylov, Z .  I .  P i l i p l y u k ,  V .  S. Georgiyevskiy 

and o t h e r s  (1968) have shown t h a t  f o r  h e a l t h y  young men aged 20-22 t h e  normal 

u r e a  content  i n  t h e  blood i s  23.6 f 1 .4  mg% on t h e  average. The ammonia lev

e l  i n  t h e  blood can reach 65 t 8 . 3  mg%, while  t h e  u r e a  i n  t h e  u r i n e  can reach 

21.9 t 1 . 9  mg/ml. An 8-hour exposure t o  ammonia i n  a concen t r a t ion  of 0.003 

m g / l i t e r  had no d i s c e r n i b l e  e f f e c t  on t h e s e  v a l u e s .  Therefore ,  t h e  s l i g h t  

changes i n  t h e  f u n c t i o n  o f  t h e  e x t e r n a l  r e s p i r a t i o n  (tendency t o  r educ t ion  

of oxygen consumption, a tendency t o  more r a p i d  b rea th ing )  t h a t  took p l a c e  

during t h e s e  experiments were c o r r e c t l y  a t t r i b u t e d  by t h e  au tho r s  t o  t h e  

r e f l e x  e f f e c t  of ammonia. 

However, a f t e r  exposure t o  ammonia f o r  8 hours i n  a concen t r a t ion  of 

0.013 m g / l i t e r ,  when t h e  content  of u r e a  i n  t h e  blood reached 39.3 2 3 . 8  mg% 

on t h e  average, and t h e  u rea  and ammonia l e v e l s  i n  t h e  u r i n e  were 29.9 2 3 . 9  

mg/ml and 99.1 2 8.0 mg% r e s p e c t i v e l y ,  f u n c t i o n a l  changes i n  t h e  cardiovascu

l a r  system ( s l i g h t  bradycardia)  and t h e  f u n c t i o n  of e x t e r n a l  r e s p i r a t i o n  (de

creased consumption o f  oxygen i n  comparison with a background experiment by 

up t o  19%, increased r a t e  of b rea th ing )  became c l e a r l y  ev iden t .  These 

changes a l l  vanished some 16 hours a f t e r  t h e  experiment. 

These experiments showed t h a t  t h e  u rea  l e v e l  i n  t h e  blood was 

39.3 2 3.8 mg%, while t h e  ammonia and u r e a  l e v e l s  i n  t h e  u r i n e  were 99.1 2 

2 8 .0  mg% and 29.9 t 3 . 9  m g / m l ,  r e s p e c t i v e l y ,  and were t h e r e f o r e  " c r i t i c a l . "  

Levels such as t h i s  a r e  reached with an 8-hour exposure t o  ammonia i n  a con

c e n t r a t i o n  of 0.013 m g l l i t e r ,  so  t h a t  t h e  l e v e l  of t h e  PLC i n  t h e  a i r  of a 

he reme t i ca l ly  sea l ed  chamber f o r  t h i s  per iod of time c l e a r l y  must no t  exceed 

0 . 0 1  m g / l i t e r .  The c l o s e  agreement of t h e  concen t r a t ions  given above f o r  

acetone and ammonia with va lues  f o r  t h e i r  PLC obtained through an experiment 

with animals and conducted under i n d u s t r i a l  cond i t ions  ( c f .  S t a t e  Standard No. 

245-63) leads us  t o  assume t h a t  t h i s  method o f  e s t a b l i s h i n g  t h e  PLC of t h e  

products o f  n a t u r a l  human metabolism i s  c o r r e c t .  
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As f a r  as t h e  endogenic substances exc re t ed  from t h e  human organism 

mainly through t h e  lungs are concerned (C02, carbon monoxide), t h e  " c r i t i c a l "  

index f o r  s t a n d a r d i z a t i o n  must be t h e i r  con ten t  i n  t h e  expired a i r  (Kustov, 

1961, 1962, 1967; Nefedov and Zaloguyev, 1967; Gorodinskiy e t  a l . ,  1967; 

Sedov and Mazin, 1968), s i n c e  i n  t h e  event o f  e q u a l i t y  o f  concen t r a t ions  of 

t h e s e  products  i n  t h e  surrounding medium and exp i r ed  a i r ,  cond i t ions  are 

c r e a t e d  f o r  t h e i r  accumulation i n  t h e  o rgan i sn  and the  appearance of t h e  

i n i t i a l  s i g n s  of a u t o i n t o x i c a t i o n .  

We t e s t e d  t h i s  view i n  s p e c i a l l y  designed experiments conducted j o i n t l y  

with V .  I .  Mikhaylov, L .  T .  Poddubnaya, Z .  I .  P i l i p l y u k  e t  a l . ( K u s t o v  e t  a l . ,  

1962, 1965). 

In  t h e s e  experiments it was confirmed t h a t  carbon monoxide i n  concen

t r a t i o n s  equal t o  i t s  con ten t  i n  t h e  expired a i r  of young non-smokers [0.011 

m g / l i t e r  (Kustov e t  a l . ,  1962)] c r e a t e s  c e r t a i n  cond i t ions  f o r  i t s  accumu

l a t i o n  i n  t h e  human organism and by t h e  8 t h  hour of exposure l eads  t o  c e r t a i n  

changes i n  biochemical and phys io log ica l  r e a c t i o n s .  In  p a r t i c u l a r ,  by t h e  

8 th  hour o f  t h e  experiment t h e  l e v e l  of carboxyhemoglobin i n  t h e  blood of 

t h e  s u b j e c t s  had inc reased  on t h e  average from 0.7 t o  2%. In  7 s u b j e c t s  out 

o f  10, Yu. N .  Tokarev found a drop i n  t h e  v o l t a g e  of  t h e  P ,  R and T sp ikes  

i n  t h e  EKG (more o f t e n  on t h e  second s t anda rd  lead)  some narrowing of t h e  QRS 

complex ( i n  a number of  ca ses ,  with speeding up of t h e  h e a r t b e a t ) ;  t h e  major

i t y  showed a dec rease  i n  t h e  amount of oxygen consumed as w e l l  as i n  t h e  

c o e f f i c i e n t  of i t s  u t i l i z a t i o n  (B.  S. Katkovskiy). In  performing psychologi

cal tes ts  ( a r i t h m e t i c  c a l c u l a t i o n  with switching)  a l l  t h e  s u b j e c t s  made more 

mistakes than  i n  an experiment with hermetic  s e a l i n g . 1 7  A t  t h e  same time, t h e  

a b i l i t y  t o  do t h e  work wi th  a r i t h m e t i c  t a b l e s  remained p r a c t i c a l l y  t h e  same 

(A. N .  Ka l in ina ) .  I n  biochemical s t u d i e s ,  Z .  I .  P i l i p l y u k  observed a normal

i z i n g  e f f e c t  of CO on t h e  c h o l i n e s t e r a s e  o f  blood serum, t h e  a c t i v i t y  of which 

dropped under t h e  i n f l u e n c e  of  hermetic  s e a l i n g .  

~ . .~~~ . _ = _ _ - .  i -. . .  -~ - = . . . . _  

l 7  Yu. G.  Nefedov and S. N. Zaloguyev (1967) suggest  t h a t  t h e  phenomena of 
CO a u t o i n t o x i c a t i o n  can be evaluated on t h e  b a s i s  o f  an increased l e v e l  of 
HbCO i n  t h e  blood and a change i n  t h e  CNS. 
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Thus, t h e  experiments conducted supported t h e  view t h a t  t h e  concentra

t i o n  of carbon monoxide i n  t h e  expired a i r  i s  a c t u a l l y  t h e  "cr i t ical"  index 

f o r  i t s  normali ty .  A t  t h e  same t ime,  t hey  showed t h a t  a CO concen t r a t ion  on /113 

t h e  o r d e r  of 0.01 m g / l i t e r  can be viewed as t h e  al lowable l i m i t  f o r  an 8-hour 

exposure. A t  more prolonged exposures i t s  concen t r a t ion  i n  t h e  a i r  of herme

t i c a l l y  sealed chambers must be l e s s  t han  0 .01  m g / l i t e r .  However, i t s  con

c r e t e  va lue  f o r  a p e r i o d  of exposure g r e a t e r  t han  8 hours must be e s t a b l i s h e d  

i n  a s p e c i a l  experiment of corresponding d u r a t i o n .  

The above mentioned i n d i c e s ,  of course,  are n o t  t h e  s o l e  c r i t e r i a  l i m i t i n g  

t h e  concen t r a t ion  of products  of v i t a l  a c t i v i t y  i n  t h e  a i r  of he rme t i ca l ly  

c losed systems. I n  e s t a b l i s h i n g  t h e  PLC of metabol ic  products t h a t  have an 

unpleasant  odor it i s  a l s o  necessary t o  t a k e  i n t o  account t h e  l e v e l  of t h e  

th re sho ld  of o l f a c t o r y  s e n s i t i v i t y  and i n  many cases  a l s o  t h e  l e v e l  of t h e  

th re sho ld  of r e f l e x  a c t i v i t y  of t h e  substance.  I t  i s  obviously p a r t i c u l a r l y  

necessary t o  t a k e  t h e s e  f a c t o r s  i n t o  account i n  c a l c u l a t i n g  t h e  PLC f o r  a 

s t a y  of many months i n  an a r t i f i c i a l  atmosphere i n  a he rme t i ca l ly  s e a l e d  

environment. 

The values  of t h e  th re sho lds  of o l f a c t o r y  s e n s i t i v i t y  and r e f l e x  ac t i 

v i t y  f o r  some products  of human v i t a l  a c t i v i t y  a r e  l i s t e d  i n  Table 39. 

In working out t h e  PLC f o r  harm'ful i m p u r i t i e s  i n  t h e  a r t i f i c i a l  atmos

pheres  of he rme t i ca l ly  s e a l e d  environments it is  p o s s i b l e  i n  only a few cases  

t o  apply t h e  PLC of t h e s e  substances t o  t h e  a i r  medium of working environ

ments o r  atmospheres of i n h a b i t e d  areas (Kustov, 1961) (Table 4 0 ) .  

The use  of d a t a  on t h e  PLC va lue  f o r  working environments and t h e  

atmospheres of i nhab i t ed  a r e a s  i n  working out t h e  PLC f o r  h e r m e t i c a l l y  s e a l e d  

cabins  of a i rc raf t  must be s t r i c t l y  l i m i t e d .  The PLC f o r  working environments 

cannot be used t o  any s i g n i f i c a n t  e x t e n t  f o r  t h e  fol lowing reasons.18 These 

PLC's a r e  c a l c u l a t e d  f o r  an 8-hour exposure, 6 t imes a week f o r  t h e  p e r i o d  of 

~~ 
~ 

l 8  For a r t i c l e s  on t h e  i m p o s s i b i l i t y  of e x t r a p o l a t i n g  t h e  PLC f o r  working en
vironments t o  t h e  cond i t ions  of e c o l o g i c a l l y  c losed  systems, s e e  0. G .  Gazenko, 
A.  M. Genin (1967), G .  S tokinger  (1967) and A .  Thomas and K .  Beck, 1967. 
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a work s h i f t .  On t h e  o t h e r  hand, continuous exposure t o  poisons under t h e  

cond i t ions  o f  e c o l o g i c a l l y  c losed  systems has  completely d i f f e r e n t  q u a l i t a 

t i v e  and q u a n t i t a t i v e  c h a r a c t e r i s t i c s .  I n  a d d i t i o n ,  t h e  PLC f o r  working en

vironments does n o t  t a k e  i n t o  account t h e  e f f e c t  of a complex of  f a c t o r s  of 

t h e  e x t e r n a l  medium t h a t  are c h a r a c t e r i s t i c  of t h e  cond i t ions  of space 

f l i g h t  ( i o n i z i n g  r a d i a t i o n ,  hypodynamia, we igh t l e s sness ,  presence o f  o t h e r  

harmful i m p u r i t i e s ,  e t c . ) .  A t  t h e  same time, however, i n  working out t h e  

PLC one must proceed on t h e  b a s i s  of conc re t e  cond i t ions  and t a k e  i n t o  

account t h e  e f f e c t  o f  an e n t i r e  complex o f  f a c t o r s  p e c u l i a r  t o  t h e  goal f o r  

which t h e  PLC i s  being determined. Attempts a t  a mathematical method of 

e x t r a p o l a t i n g  t h e  PLC f o r  working environments t o  t h e  cond i t ions  of herme

t i c a l l y  sea l ed  cabins  have been sub jec t ed  t o  j u s t i f i a b l e  c r i t i c i s m  (Gazenko /114 

and Genin, 1967). Equally u n j u s t i f i e d  would be t h e  a p p l i c a t i o n  of PLC values  

f o r  atmospheric p o l l u t i o n  t o  he rme t i ca l ly  s e a l e d  environments. These PLC's 
a r e  c a l c u l a t e d  f o r  long-term and continuous exposure f o r  t h e  pe r iod  of  a /115 

human l ifetime. These PLC's t a k e  i n t o  account t h e  p o s s i b i l i t y  o f  a c t i o n  of 

normalizing substances on t h e  e l d e r l y ,  t h e  young,.and t h e  s i c k  (V. A. 

Ryazanov, 1954). However, l i k e  t h e  PLC's f o r  working environments, t hey  do 

n o t  t a k e  i n t o  account t h e  p o s s i b i l i t y  o f  exposure t o  a d d i t i o n a l  f a c t o r s  t h a t  

a f f e c t  t h e  cond i t ions  i n  h e r m e t i c a l l y  s e a l e d  cab ins .  The PLC f o r  harmful 

substances f o r  working environments and t h e  atmospheres of populated a reas  

can f i n d  only l i m i t e d  use  i n  t h e  process  o f  developing PLC's f o r  he rme t i ca l ly  

sea l ed  cabins .  They can be used only as g u i d e l i n e s  i n  s e l e c t i n g  one concen

t r a t i o n  o r  another  f o r  experimental  t e s t i n g .  

A l l  o f  t h e  above i n d i c a t e s  t h e  need f o r  s p e c i a l  d e r i v a t i o n  of t h e  PLC's 
of  harmful i m p u r i t i e s  f o r  t h e  a r t i f i c i a l  atmospheres o f  he rme t i ca l ly  sea l ed  

environments, t ak ing  i n t o  account t h e  p r i n c i p l e s  s e t  f o r t h  i n  t h i s  chap te r .  
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I I I ,  

TABLE 39. THRESHOLDS OF ACTIVITY OF CERTAIN PRODUCTS OF 

Substance 

Ammonia 

Acetone 

Methanol 

Phenol 

Hydrogen sulfid' 

Carbon. 
monoxlde 

Sulfur 
anhydride 
Skatole 

Acetic 
acid 

HUMAN VITAL ACTIVITY 

-
Threshold oj
olfactory
sensitivlty , Value 

mg/m3 
Source 

- Cutaneous gal-
vanic reaction 

Alpatov, 1962 

- D 

0,s Sayfutdinov, 1967 

)) 

1, I  eldman, 1962 

- 'Electrocortical 
I,nor, 
1,I 
-

reflex 

Cutaneous 
galvanic reflex 

-
rkach, 1967 
'ogosyan, 1967 
iliplyuk, 1963 

4 , 3  

4 , s  

Sensitivity of 
eyes to light
Ditto 

how Chen Tsi, 1961 

baydullayev, 1961 

3,5--4,0 

0,022 

- -EEG 

Sensitivity of 
eyes to light 

-- rlekseyeva (cited in  
3eryushev, 1959) 
lukhitov, 1963 

- Electrocortica 

0,022 
,017--0,02 

0 ,0$  

reflex -
-
-
-

logosyan, 1967 
[orneyev, 1967 
aginova, 1955 

0,014 Baykov, 1964 
0,1 

1,6-?. 

L-

Sensitivity of 
eyes to hght  

Sginev, 1960 
Dubrovskaya, 1955 

- Electrocortical 
reflex Bushtuyeva, 1961 

- EEG Yeliseyeva, 1966 

1,2-un-
leasantFecal  odor I -

5,0  1,O 
Cutaneous galvar
reflex, de ressi01
lof alph;;$ythm 

Mikhaylov, 1965 

Commas i n d i c a t e  dec imal  p o i n t s .  
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TABLE 40. PLC FOR WORKING ENVIRONMENTS AND ATMOSPHERES 
OF I N H A B I T E D  AREAS 

Substance Substance 

Ammonia . . . Carbon monoxide 
Acetone.  . . . Hydrogen sulfide. 
Dimethylainine. Methyl alcohol 

Methyl mercaptar Ethyl alcohol 

Methylamine. . 	 Ac2:ic acid.  . . 
Phenol . -

"State Standard No. 245-63 
""According to data of V. A. Ryazonov and M. S. Gol'dberg (1966). 

Commas indicate decimal points. 
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CONCLUSION 


The process  o f  formation of new branches o f  s c i ence  i s  going on a t  t h e  

p re sen t  t i m e .  Toxicology of t h e  atmospheres of he rme t i ca l ly  sea l ed  environ

ments i s  one such new outgrowth o f  knowledge. I ts  development i s  l inked t o  

t h e  need t o  so lve  complex problems dea l ing  with t h e  e f f e c t  of chemical sub

s t ances  on t h e  organism under t h e  cond i t ions  of h e r m e t i c a l l y  sea l ed  cabins  

of a i r c r a f t ,  submarines o r  o t h e r  h e r m e t i c a l l y  s e a l e d  o b j e c t s .  These problems 

have received cons ide rab le  t r ea tmen t  i n  t h e  l i t e r a t u r e ;  pathways t o  t h e i r  

s o l u t i o n  have been suggested (Lazarev, 1967, A Symposium on Tox ic i ty  i n  t h e  

Closed Ecological  System, 1963; Proc. Conf. Atmospheric Contam. Confined 

Spaces, 1965). 

Space toxicology i s  only one (but t h e  most r a p i d l y  developing) twig on 

t h i s  branch. Problems of space toxicology,  i . e . ,  toxicology which s a t i s f i e s  

t h e  needs of des ign ing ,  b u i l d i n g  and us ing  s p a c e c r a f t ,  have been discussed 

by u s  i n  a s p e c i a l  paper (V.  V .  Kustov, L .  A.  Tiunov, 1968). I ts  problems 

and t h e  methods of so lv ing  them have been formulated i n  many p u b l i c a t i o n s  

( c f .  f o r  example A. I .  Burnazyan, Yu. G .  Nefedov, V .  V .  Pa r in  e t  a l . , 1 9 6 7 ) .  

One of i t s  chap te r s  i s  t h e  toxicology of gaseous products of human 

v i t a l  a c t i v i t y  and t h e i r  s i g n i f i c a n c e  f o r  t h e  formation of a r t i f i c i a l  atmos

pheres f o r  s p a c e c r a f t  cab ins .  One f e a t u r e  of t h i s  chap te r  i s  i t s  c l o s e  r e l a 

t i o n s h i p  t o  biochemistry,  pathophysiology, s a n i t a r y  chemistry,  i n d u s t r i a l  

toxicology,  work hygiene and communal hygiene.  Biochemical s t u d i e s  a r e  r e 

qu i r ed  t o  i n v e s t i g a t e  t h e  mechanisms of formation of t h e  products of human 

v i t a l  a c t i v i t y  and t o  s tudy t h e  e f f e c t  of v a r i o u s  extrema1 f a c t o r s  on t h i s  

p rocess ,  f e a t u r e s  of n u t r i t i o n ,  programs of work and r e s t ,  i . e . ,  a l l  t h a t  i s  

imposed by t h e  cond i t ions  of space f l i g h t .  In a d d i t i o n ,  biochemical methods 

a s  wel l  as pathophysiological  and pathomorphological procedures a r e  used t o  

i n v e s t i g a t e  t h e  b i o l o g i c a l  e f f e c t  of gaseous products of v i t a l  a c t i v i t y  and 

t h e i r  compensation. 

/116-~ 

Sanitary-chemical s t u d i e s  with broad a p p l i c a t i o n  of phys i ca l  and 

chemical methods and methods of a n a l y t i c a l  chemistry are  conducted t o  i n t e r - /117 
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p r e t  t h e  composition o f  t h e  e l a b o r a t e  complex of gaseous products exc re t ed  

by man i n  o rde r  t o  s tudy t h e  k i n e t i c s  o f  t h e i r  e x c r e t i o n  and t o  e v a l u a t e  t h e  

i n f l u e n c e  o f  v a r i o u s  f a c t o r s  of t h e  e x t e r n a l  medium on t h e i r  q u a l i t a t i v e  and 

q u a n t i t a t i v e  composition. Methods o f  i n d u s t r i a l  toxicology,  work hygiene and 

communal hygiene are used i n  working ou t  t h e  h ighes t  pe rmis s ib l e  concentra

t i o n s .  

I n  t h i s  paper w e  have s t u d i e d  s u c c e s s i v e l y  t h e  mechanisms of t h e  forma

t i o n  of gaseous products  of v i t a l  a c t i v i t y  and the  in f luence  o f  va r ious  f ac 

t o r s  on t h i s  process;  we have given q u a l i t a t i v e  and q u a n t i t a t i v e  c h a r a c t e r i s 

t i c s  of t h e  e x c r e t i o n  of s e v e r a l  gaseous products  of  v i t a l  a c t i v i t y  t h a t  are  

excreted with t h e  expired a i r ,  u r i n e ,  f e c e s  and sweat of man. We have evalu

a t ed  t h e  c o n t r i b u t i o n  of t h i s  complex of substances t o  t h e  formation of t h e  

gaseous medium; we have p resen ted  m a t e r i a l s  on t h e  b i o l o g i c a l  e f f e c t  of  t h e  

products  of v i t a l  a c t i v i t y  and t h e  p r i n c i p l e s  of t h e i r  formation on t h e  con

d i t i o n s  of h e r m e t i c a l l y  s e a l e d  environments. A l l  of  t h e s e  m a t e r i a l s  are 

r e q u i r e d  f o r  forming e c o l o g i c a l  c losed  systems of s p a c e c r a f t  cabins .  A s  a 

ma t t e r  of f a c t ,  t h e  c o n s t r u c t i o n  of l i f e - s u p p o r t  systems which guarantee 

maintenance o f  t h e  parameters o f  t h e  a i r  medium a t  a c e r t a i n  l e v e l ,  r e q u i r e s  

d a t a  on q u a n t i t i v e  c h a r a c t e r i s t i c s  and k i n e t i c s  of e x c r e t i o n  of gaseous sub

s t ances  t h a t  e n t e r  t h e  atmosphere. These d a t a ,  as w e l l  as t h e  information on 

t h e  l e v e l s  of pe rmis s ib l e  concen t r a t ion ,  a r e  r equ i r ed  f o r  c a l c u l a t i n g  t h e  

e f f e c t i v e n e s s  o f  systems f o r  p u r i f y i n g  and r egene ra t ing  t h e  a i r .  

Many problems of t h e  toxicology of gaseous products  of v i t a l  a c t i v i t y  

and t h e i r  s i g n i f i c a n c e  i n  t h e  formation of a r t i f i c i a l  atmosphers deserve 

f u r t h e r  s tudy.  They inc lude ,  i n  p a r t i c u l a r ,  a broad s tudy of t h e  e f f e c t  of 

extrema1 f a c t o r s  o f  space f l i g h t ,  work and r e s t  programs, programs of n u t r i 

t i o n  and t h e  formation and e x c r e t i o n  of gaseous products  of human v i t a l  

a c t i v i t y .  Considerable promise i s  o f fe red  by work on t h e  f u r t h e r  a n a l y s i s  of 

t h e  chemical composition of gaseous products  of human v i t a l  a c t i v i t y ,  t h e  

s tudy  of t h e  k i n e t i c s  of t h e i r  e x c r e t i o n ,  f u r t h e r  i n t e n s i f i c a t i o n  of t h e  

s tudy of t h e  b i o l o g i c a l  e f f e c t  of t h e  complex of metabol ic  e x c r e t a  and f i n a l l y ,  

compensation f o r  t h e  cond i t ions  which are  c h a r a c t e r i s t i c  of he rme t i ca l ly  

s e a l e d  environments. 
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The present work is only an initial attempt at generalization in this 


area. The authors welcome any suggestions for its improvement. 
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